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PREFACE 


T HIS volume is intended to form the sequel to Dr A. E. 
IJunstan’s “First Year Organic Chemistry,” and to 
Mr F. B. Thole’s “Second Year Oigauic Chemistry” 
Dr Duns tan’s work deals witj.i the aliphatic group of organic 
compound's, and ' necessarily to some extent eh mentary, whilst 
the Second Year course embraces tne carbucyclic benzene 
group. The present book completes the series by a survey of 
the * heterocyclic compounds, followed by a study of certain 
groups of aliphatic ‘and carbocyclic substances, which, by reason 
of their complexity, are omitted i'yom detailed consideration 
by students in the earlier periods of their course. These 
inuude, o" the aliph.ii'c side, the sugars and the polypep¬ 
tides, and, on the other hand, the terpenes or hydroaromatic 
compounds. 

I have made free use of the standard authorities on the 
various subjects enumerated, notably b'ichtor’s “Organisnlio 
Chemie,’’ Wedeki* d’s handbook on the heterocyclic series, anti 
Lippmann’s “Chemie dcr /uekerarten ”; whilst my elr'orts to 
bring the volume as far as possible up to date have bcou assisted 
especially by the Chemical Society's “Annual Reports,” by 
Dr A. W. Stewait’s “Recent Advances in Organic Chemistry,” 
and by the lectures delivered on Advanced Organic Chemistry at 
University College, London, by Assistant Professor Smiles, D.Sc. 

Much' kind assistance in 1 ' the arrangement of the numerous 
block-formula* has been afforded by Messrs F. Fox and 
II. Christopher, R.Se., and m proof-reading and indexing by the 
latter, Dr A. E. Dunstan. a£d my wife, to alLof whom I'offer 
my grateful 1 thanks. T. P. II. 

GRappenhali; 
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CHARTER I 

HETEROCYCUC COMPOUNDS 

• • 

^(Introductory to Chatters JI-&) 

W HEN ono commences ^;he study of organic qhemistry or, 
to give that scjelice its alternative name, ftie chemistry *of 
carbon compounds, one lea rife* in the first place, of the peculiar 
capacity posses-^d by the atoms of carbon for linking up together 
in long chains, so that we may<have as nyanjf as sixty carbon 
atoms united to each othu, in this mariner. Although the vast 
majority of organic compounds are not so complex as this* it is 
.frequent Co find any number of carbon atoms from two to twelve 
serving as a nucleus for thfc attachment of other elements such as 
oxygen, hydrogen, or nijregen, an4 thus we may gather from a* 
suivey of these aliphatic compounds (in which the carbon atoms' 
are arranged in long, sample,*of branched chrins, withotfS any 
ring formations) that the characteristic chemical property of 
carbon is its habit of aniting # wi«h»iteelf or with other non-metallic 
elements to form compounds of all possible degrees of complexity 
(or simplicity). Tlys hehayiour is no doubt connected in some 
wiry with the portion of caybon in the periodic system of tha 
elements, where it falls in the centre of the first period (elements 
of least atomic weight), and possesses, acedramg to Abegg’s 
views, an equal number of “Tiormai” (positive) and “contra” 
(negative) valencies—four imeach case. '* 

chief typos of carbon compounds (hydrocarbons, alcohols, 
ethers, "ketonSs, aciiis, t&c.) having been thus encountered in*the 
aliphatic series, one usually proceeds to consider tje nature of 
benzene and its many derivatives, and finds that a new system 
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* p 4 

of carbon-atom combination must tfe assumed ip 4>hese ..series, 
namely, the presence of a closed chain or ring-system of six carbon 
atoms. In much smaller number one meets with .rings of five, 
four, seven, o r eight carbon atoms (as, for example, in the * 
respective cases of indene (I), tetramethylene (II)f subarone (III), 
or cyclooctano (IV)). , 



I II III ■’ IV 


Ont finds also that two or more )f these ring-systems may be 
joined together, in a very intimate way v taking the case of two 
phenyl groups, these may ho united as in diphenyk.'V^ which 
is simply a benzenoid hydrocarbon, or, again, they may be so 
“condensed” together as to form naphthalene (VI), the parent 
substance of an entirely fresh series of compounds. 



V VI 


King-system's »uch as that of 1 naphthalene are said to be made 
up of “condensed,” “conjugated,” or (better) “ annealed” benzene 
nuclei; it is also evident that when mefte than two benzene 
nuclei are thus combined, there is a possibility of two kinds of 
annealalion — linear , as in anthracene (VII) and angular , as in 


phenanthrene (VIII). 


c/yv-v 

ffr 

iiii 


WnT 

t H e i | 


V 

VII 

VIII f 


We see, therefore, that besides the simple open-chain or 
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aliphatic compounds th#r8 f are many others deitvcd from closed 

carbon chains— carbocyclic or Jpymocyclie compounds. * 

N^w the, Jllipbatic substances may he sub-divided as 
follow*:— » • # 

(a) ComjkmRhi confining ml unbroken chain of carlm atoms. 
We may take normal pentane,jCII :i .CIJ r CH„.Crio.CH ;{ , as a ease 
in pdint; this is said to be a hommitenic compound. 

((>} Compounds containing a chain of carbon atoms with other non - 
metallic dements also in the chain. Any of the methylene • 
groups* (- Ctb -) m pentane *nay be replaced by either of the 
fallowing*: t * * 


- Sit-, 
Thus we have 


0 


, % ' 

nf:.CH a .MH.<JH a .pH.* CT?,.Crr,.O.CH.,Clf., 

• and 

• 

Such compounds are distinguished as heterocufe^ir. 

It is found, however, that a similar state? of 1 affairs persists in 
tlm' homocyelic, as well as the aliphatic, scrips. Here we meet 
with the following substitutions:— 


Homocyelic. • Heterocyclic. 

(ffl) -OH,-- -0- * --S- -NH- 

(b) - OH - ‘ ' 0 -- -S-= - N- 

• i 


In series (/>), corresponding to the a^ual benzenoid derivatives, 
there are formed, on /oplacAnelit es above, compounds contain¬ 
ing quadrivalent oxygen or sulphur, and tervalent nitrogen, all 
of which groups are stroqgly basic in character. It is natural, 
therefore, that in* such ea^js tho chemical character of the 
benzenoid radicle should be entirely altered. 

At ,th*r same tim8, the heterocyclic complex «so* obtained has in 
a great many cases cpiit-i as strongman individuality as th%t of 
benzene, and the heterocycli^ring-system, together witlf its main 
chemical characteristics, persist unchanged through a v^iole 
scries of derivatives o> the parent substance. Moreover, many 
<jf tliQse hetdlocyclic derivatives are of great int^i&t, since a 
■large number occur naturally as vegetable or animal products, 



. ft THIllD YJCAItj OhGANiC CHEMISTRY 

• r • ' 

#> * 

others are valuable artificial colouring *nftitters, anrl l«me, .again, 
are equally important synthetic medicines. '*• 

t It is consequently appropriate to pnake a se{tir^te*stu(|y of 
this branch of prganffc chemistry, »nd to this end the first part * 
of the present treatise is'devojted. ^ • * 

At the outset, howevpr, we niust define somewhat carefully 
the limits of the subject. From a general standpoint, substances 
sucfy as barium oxalate or potassium boro-tartrate have every 
• right to be regarded as heterocyclic compounds : 

. • 

• HO. 

% . . * 

Compounds of this kind, which, 1 being salts, are at once re¬ 
solved into opeh-chain compounds by mild reactions of double 
decomposition, are not of the defined heterocyiKlic^nafcyrc 
which characterizes those already mentioned. 

Again, other substances, such* as ethylene oxide or y-butyro- 
lactonc, • 


<E 


H. CO,OK 


<CH«COtOK 



CH, 


curo^ 

CHTCD 


,are intermediate, in stability to hydratipg agents, between salts 
such rts barium oxalate aiul a well-defined heterocyclic com¬ 
pound such as fuVfurano (p. 40). *On the one hand, thej*may be 

resolved by suitable reagents into oppn-chain derivatives, e.g., 

* 

JHj^SHj.OH 

iHrCO. ONa 


CfnOH 
CNj C| 


»** 


whilst at the same time wcll-dehV^l homologous series of each 
type exist. Thus we have : 

- & 

Ethylene oxide. 


Cl.CHj(JH 


ICHj), 

ICH,')] 


* 


Epichlovhydnii. Tetnimethylethylone oxide. 

M. 3 


y-Butyrolactone. 


co*oH.cttctja 

CHs-do 

i’araconic acid. 


*COOH^H< ll |CH./, • 

WHTW 

I • 

Terehie ticid. 
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H|jfMse no Strict definition of a heterocyclic compound can be 
formed to include substances in which a definite heterocyclic 
nucleus persists unchanged throughout ti given scries, and at* 
tho same tijno to exclude linkable heterocyclic nuclei ;,for there 
is no well defined, boilhdary between the two classes. 

Foj the purposes of this bdbk, however, we may proceed as 
follows: (i) We shall only consider the heterocyclic compounds 
derived *from substitution of carbon, by oxygen, wtlphur, oik nit¬ 
rogen. (ii) We shall confine our attention to the better-defined 1 
hetcrocj§cJic rings containing 'three, four, five, or six atoms in th<^ 
nucleus. * # • * 

A definition of the following nature may therefore l)c arrived at: 

A heterocyclic compound (parent substance) is !f»e which given vise 
to a welUdejincd series*of homologous or substituted derivatives, nuyn- 
tains its distinctive nature throughout suck series, and is derived from 
the corresponding homocyclic compound (containing n carbon atoms 
in the ring-system^ by substitution of not more than n --1 carbon 
atonls by n - 1 '"atoms of oxygen, sulphur, or nitrogen. 

It is significant that nitrogen is by far the most frequent riug- 
'component’in heterocycli^ systems, sulphur and oxygen follow, 
ing; for in the realm of inorganic compounds, nitrogen is 
equally remarkable foi» its tcndelicy to ring formation, as in* 
bydrazoic acid and other derivatives, whilst a^ain, sulphur and 
oxygen \;ach exist in pel y molecular fo»;jns (S K , 0 3 ), very probably 
possessing a cyclic structure* Thg parallelism between inorganic 
cyclic compounds and the heterocyclic compouyds of these three 
elements is indeed of a quantitative rather than a qualitative or 
superficial order. % * * 

t; • 

‘The chief types of heterocyclic compounds must now be 
classified < in accordance vdth the above definition. The most 
convenient system of classification ^ to qpnsidcr separately tho - 
three-, four-, Jive-, and 1si»mcn^bered rings, and to subdivide tTiese 
according to the nuinbgr and nature of the heterogeneous atfims. 
Wh^re the latter fire erf inore*than one kind, we ifmst define a 

method of reference such as the following:— ' 

• ♦ # 

If a substance contains oxygen and sulphur as ring components, it will be 
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considered as a sulphur ring-substituent of the corresponding bxyg$ ring - 
system , e.g., " 


=o 


aud 


.<jH.C=«D 

a# s-*o 


whilst substances con tainin^fvmlphur (or oxygen) and nitregen* as ring-com¬ 
ponents will be considered as nitrogen ring-substit^ents of the f Arcs ponding 
sulphur (or oxygen) coniplox i 

CH -fiH CH-A 

and « || I 

« cM iin 


i/\t * — 

tj. 


Udcro- Atoms: 

Oxygen (0). 


TUKEI^MEMBEUEI) KING SYSTEMS. (IIP) 

me > hC 

t 

c 

tiuly'Aif' (8). Nitrogen fK )*> 


% < 


* Nearest carbocyclic analogue : Gfclopropnnc 


1. 


Ethylene exult?, p. 19. Tol.mo sulphide, ]>. 22. Ethyioneinrde, pi 21 . 

- - S> B s 

* Dia^oinethane, p. 22. 

EOUlt-MEMBEKKD “RING SYSTEMS. (IV) 


W 4 

Nearest earb&fcyclie analogues : Cfyrlobutnfie, 
Hclcru-Atoms: Oxygen (0). Sulphur (8). 

i <■> £T / ” - ■ 


fT', 

chtch. 


Trimetliyleno oxide, p. 19. 


1 


(b) 


m- 




Nitrogen (N). 

* 

, CH-lCH, 

CHtAh ‘ 

*' Trnl.elhyleue imide, p. 21. 


p-Lactones, p. 30. 


2 >) 




cr 

* Thetines, p, 31. 

sr 


f Betaines, p. 36. 



. MjA’EROCYCLIC compounds 

• < * • 

. FIVE-MEMBEltto KING SYSTEMS? (Y) . 

NArof^t ifcrbocylic analogue : Cyclopcntaye, c iI. c rn H> 

Sulphitr (8)r 


Hetcro-Atomsi O^yycn (0) 

• CH,—QHi# 
l (a) j > 

I CH j -CH» 

Tetramethylone oxide, p. 20, 
CHr m 


. w JU? 

* j 7 -Lactones, i* 25. # 
('•) 


CH=CH 

cL=> 


}ftlro;/em{ N). 

°5"- c ^ h 

cL-cT 

Pyrrolidine, p. 53. 

CHj^-qH, * 
CH;-<2o 

7 -Lactains, pp. 20, 54. 
%H=rqH 

* | «* _ 

ck: 


o 


Furfurnne, p. 45 

(ST °rt 

ch=j/ 


c r3 

0 CH -Tt C v»n——-«r. 

Thiophene^ ]». 40. i^rro^, p. iM. 
_ c«=rc« 

I > H 

chC=tr 


• CH=C 


{*) 


(C) 


ofc=»/ cLi!/ 5 cM= = Nr 

Isoxazoles, p. 64. Isotliiazoles, p. 65. ^yrazoles, p. 64. 

b ■ ts '• s- 


Oxazoles, p. 71. 


3 


E>. 


c»p=c£ 

N Cm - ■ 

Thiazoles, p. 71. (Jlyoxalines, p. 72. 

°r^ 

• nh— db 

• Cyclic urcidcs, p. IS 


( “ l ci=^ • * ;L>. ck==>f 

Azoxazoles, p. 75. TWo(aaj)diazoles, p. / 6. Osotiiazoles, p. 
ch=nL CHJfcflV . Ci 



(*> 


3 


CHJfcrN. 

Kzzz:dU N=rcw • — c 

Azoximes, p. 76. Az jsulphimes, p. 76. Triazoles, p. 78 
n=n. ' t*=K M— N v 

(C » cLr=c<? 


N==Nv m -~N 

' " d=> . d=o<r H 


Diazooxide3, p 

b 


(d) 


CH=CH 0 CH=CH 

i 76. Diarosulpliides, 76. Azimidea, p. 1 

r=*%K 

N=dH 

Triazolts, p. 78. 


1—m 


M 


4* I 


N=dH 11 - v " 

Oxybiazo^BS, p*77. Tl^odiazoles, p<7/. 

- & 
Tetrazolgp, p. < 



THIRD Y^AW ORGANIC CHElftlsfyv 

0T i ' 

• • • . * 

« SIX-MEMBEREP KING SYSTEMS. 


Nearest earboeyelie analogues: 

# * ” 

(7yd oh wane cwjf ch 2 and Benzene 

i ^ 

lfclcro-dtoms : Oxygen (0). •* SiSphur (S). 

C^a—~CyHa 

j <rt) ' ch L-£ 



Nitrogen (N). 


Oh* 

CHf 

CFV 


-CH a 

jNH 

-CH, 


I 

f 



PcntamoLhylenc oxide, 

j>. 10. 

• Piperidine, p. 121. 

• 1 

ch, —qR, 

. <*» . ° H cW 


• op,—4 h* 

CM ( « y* H 

CH?*—CO 

1 

# 5*La^Jncs, X’- 27. 


5-Lactams, p. 29. 



• 


1 

CH-CO 


CH \ /* A 

CH-CO 


a-Pyroiy?s, p. 82. 

9 

a-Pyridoncs, p. 10;" 

1 

(,o 

CH=CH 

' CO 

® cp-CH 

ccr : '•'nh . 

CW~T,i~C^ 


7 -Py rones, p. SI. (Thioxantlioncs, p. 96.) 

7 -Pyintones, p. 1 

1 

(«) - r 

• 0 r 

r?H —cm 

• 


• 

• 

Pyiidine, p. 102. 

•i 

(«) <\ yp * 

CP*—-CH« 

1 # 

* 

C 

• 


Diethylene dioxide, p. 

16?/ * 

• 


2 

® cb 

cwr=qH 

f — 

% 

(Phenoxthines, p. 168.) (Thiantli rents, p. 168.) 


« O- 

* v-/ • , 

CS*' 

c 

o-Oxazines, p. 176. 

o-Thiaziuel, p. 176. 

o- Diazincs, p. 170. 

< 

• N -c 

n <_> 

* *—c * 

<w>‘ 

• C> ' 

|f a- 


m-Oxuzinca, p. 176. 

Mi-Thiazines, p. 176. 

//i-Diazines, p. 17 



HETEROCYCLIC COMPOUNDS. 

H * 


9 


tHete.ro-Attorns : 'O&ggeu (0). 

* 

2 ('•) • s- 

\ 

• ■* 

2 . {n *<i> 


•« 


Sulphur (S). 

* 

i 

/C —O. 

*• 


NitPogm (X). 


C co * 

v NH 

Co 

Cyclic u^?idcs, p. 191. 



~ ^-Oxazines, p. 177. p-Thiazines, p. 178. ^-Piazines, p. 17'J. 

* • . # 

•o 

f 8-T*aziues, p. 187. 


3 (p) 

m *'» 


3 Vn 


('•) 





* 


{") * — 


{<>) 

9 


9 

I 


('yanidiiics, p. 185. 

. Q 

a-Tyaziiies, p. 187. 

•o 

•OsutelraziiieH, p. 188. 

9 H =», 

* 

CH- 

Tufiazincs, 188. 


Most of these numerous types are also found annealed with 
one or more benzeiupid residues, and indeed in many cases the 
benza-denvatives , as they are filled, are more stable than the 
simple heterocyclic compounds. Examples of annealed benzene- 
heterocjftclij'nuclei are: * * * 

• * (.i # 

Benzo-a-pyrone. Bcu&pyrrol.^ Dibeuzo-p-thiazine. Bcnzopj^idincT 

’,* II 

'CH 'S' ->CH 

Thiodiplj euy lam in a. (Quinoline. 
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Less frequently the fusion of two ffeterocycliC rftig ^stems/- 
to bc*notieod, a« in the following cases : * 


m-Diazine and Glyoxaline. 

• * % 

Y c— nh 

ki-Jh ' 


^Pyridine and Quluoline. # * 


P«Ke. # Clirf|it^. King-systems. 

18 II m ii- ayd 4-membon.id 

• t • 


25 


41 


62 


III 4-, 5-, 6-mombered. 


i 


5-memberod. 


jn r 

V' 

Purine. Plifjftanthrolinc. 

• « • 

For purposes of reference, it may be well to recast the system* 
of heterocyclic nuclei given nbyve in the•order in wjrtch it will 
be treated in g succeeding^chapters: • * 

# » Types of Heterocyclic Compound. 

Alkylt-ne oxides (III, O, 1 ; IV, O, la.; 
V, O, la; VI.O, la), sulphides (III, S, 1 )^, 
iniyiai (III, N, 1 ; IV, aliphatic 

uiazooomponnds (III, N, 2 ). 

/3-, 7 -, and 5-Lac-tones (IV, O, lb; 
•V, O, lb; VI, # 0, lb), thctincs (IV, S, 
2 a), andabetaines (IV** 1 VT - ( 2 b). , 

Fnrfurane (V, O, le), thiophene (V, S, 
lc), pyrrol (V, N, lc), pyrrolidine (V, N, 
la), and their mono- and di-benzo- 
t analogues. 

5-m cm bored., The azqfes : (a) Isoxazoles (V, O, 2 a), 

Jso thiazides (V, S, 2 a), pyrazoles (V, N, 
£a)t ( b ) Oxazoles (V, 0, 2b), thiazules 
(V, S, 2 $, glyoxalines (f, N, 2 b); 
(<•) Aitoxazoles (V r , O, 3a), azoximes (V, 
0, 3b), diazfc-t..ides (V, O, 3c), oxy- 
diazolines fV, O, 3d), thio(aai)diazoles 
(V,t 8 ,. 3a), azosulphimes (V, S, 3b), 
diaasnlphides (V, S, 3c), thiodiazoliucs 
(V, 3d); (<i) Osotriazoles (V, 3a), 

azinrides (V, i*T, 3c), and .triazoles (V, 
N, 3b and 3d); (e) Tetrazolc'Ss (V, N, 4). 

a- and ^-P^roncs (VI, 0, lc and Id), 
chroiaones and xantbones (mono- and 
di-heuzo-y-]^rones), thioxanthon& (VI, 
S,td). r P • * ' 

Pyridine (VI, N, 1 %), pip'ridine (,VI, 
N, la), and their mono- ai#d •di-be’azo- 
aualogues. * 


IV 


V 


& 


98 


VT 


vy 


6-nftmberAl. 


ti-membered. 



^’age. Chapter. 

iSi vmf 

16g 


189 


X 


(J-mombered. 


« » 


.HM'fiROCYCUC CO"MPOUNDS . tl 

.» * » * 

King-systems. • Typos of Hotcrocycllc ^propound. 

— The alkaloids (mainly derived * from 

pyridine, quinoline, and iso-quinoline). 

3 Diethylene diojflde (VI, 0, 2a), phenox- 
thincs (VI, 0 K 2$, thiaff)thrones (VI, 
S, 2b), pyridazines (VI, N, 2e), pyri- 
midii^s (VI, jNT, 2d), pyrazines, rjuiu- 
oxalincs, phena/.ines (VI, N, 2f), oxazines 
(VI, 0, 2e, 2d, 2f), thiazincs (VI, S, 2e, 
2d, i »2Q, triazines (VI, N, 3a,*3b, 3c), ai^l 
tetrazines (VI, N, 4a, 4b). 

TJio purines (derived from an annealed 
pyrimidine glyorulinc nucleus) (VI, N, 2d 
and V, N, fb); ant? cyclic ureides (V\ 
N<P2c; VI, N, 2e). *' « 


9-iuenibfred, 

a 

ft 


«3 


* a 

, Characteristics and Ildgiide Stability of Different lieferocyclicfRing* 
systems. —iV’sIpite of the varidtfjp ;>nd bowildcring abundance of* 
the heterocyclic systems revealed ift the above tables, it is 
possible at once to point out a number of characteristics which 
are common tpj^e whole group. 

Taking first of all the number of atoms composing the different 
ring-systems, jt is evident that the live- and six-rnembered rings 
are by far the most common. Hence it appears that the atoms, 
other than carbon, present in the ring 'complex are closely 
related, so far as their atomic sizp and spacial arrangement is 
concerned to a carbocycjic caiboft alom; or, at mil events,‘‘the 
heterogeneous atoms would seem to have accommodated them¬ 
selves in some way to the lfabit?*«of their carbon neighbours, 
since, as is well known, the most stable carbocychc systems com¬ 
prise rings of five or six carbon atoms. Accordingly, if we 
assume Baeyer’s Strain Theory/as an explanation of the rolative 
stability or instability of carbocyclic rings, clearly the same 
hypothesis applies to the heterocyclic series, stutiiat, even if an 
absolute tetrahedral arrr.ngemdht of. the ^oxygen, sulphur, ^or 
nitrogen atoms in these substances is not assumed, it must be 
suppqped that the direction of their valencies (operative® in 
forming the ejffjlic chain}* is much the same as that of similarly 
combined! carb$u. * 

Again, ttie three- and four-membered ring compounds, like 
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their carboc^clio analogues, are excdfedingly ronuiiy rearranged 
into bpen-chain derivatives. m * 

Another most important influence is the nature oH th^ hetero¬ 
cyclic ring # subst»tuents. In my givon scries, for ‘example, 
/infantile, thiophene, and pyrrol, tho natu|p of the h^ rocyclic sub¬ 
stance is seen to be jn fluency! to some extent by the electro¬ 
chemical nature of the hetero-atom. # 


•Thus furturano and tliiophenej* containing respectively flic relatively 
inert bivalent oxygen and sulphur, are neither acidic nor basic in character, 
whilst pyrrol is a well-defined base? iij virtue of the tervgikut nitrogen 

present. 

• 

• • 

At the same time, a marked reTicx influence of the earbocyclie 

part %>f the niiclus upon tjie hetero-atoms is noticeable. 

* *> 

The oxygon in furfuranc i^ not in the least ethereal in nature; the 
sul])hur in thiophene differs from that in an alkyl sulphide, both iu physical 
characteristics, su%h at atomic rofrSctivity, and aljjo in chemical behaviour, 
for it is perfectly indifferent to oxidizingtpgents whick-^ould convert the 
latter compound to a sulphone ; finally, til* nitrogen in pyrrol is acidic, as 
well as basic, and the iminu-hydrogen can be directly ie placed by certain 
metals. 

This behaviour is reminiscent of tha^of an imino-group situated 
between two unsaturated groups (for example - CO - Nil - CO -); 
antf indeed the*factor whicli il citusinggthe .anomalous Jbehaviour 
of the hetero-atoms is cffcarly the residual affinity of the unsatu¬ 
rated carbocyclic nucleus, fo^if this is hydrogenized, tho resulting 
products are efttirely analogous iu chemical behaviour to alkyl 
compounds of sintilar type. 

As instances of this, it may bo stated tly»t tetrahydrofnrfnrane (tetran.cthy- 
lene oxide) reacts as an ordinary alipathic fther, %nd that tet^ahydropyrrol 
(pyrrolidine) is indistinguishable in its general behaviour from Imy other 

dialkyland/e, being an (ftcceedi^gly strong orjauit base. 

• • 

Returning, however, to the specific* influences of nitrogen, 
sulphur, olid oxygen as hetero-atomsf it was Stated (page 5) 
that the f^pllelism between tho inorganic and tlft organic cyclic - 
derivatives of these elements was more than superficial. 
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‘ M •» 

^ Nitrogen* is ms’kerl in its inorgrfaib compounds by its ability to form ring 
«> otflftplexeffc possessing well-defined pro] ter ties: nitrogen is found us a ring 
component of by far the greater mi mb A- of the more stable and well-charac¬ 
terized heterocyclic systems. Moreover, just as the basic nature of ammonia 
am? hydrazine gives place to the*acidid l> explosive compounds of the azoimide 
and related tyjy^s, so the by*ic nature and great* stability of thef mono- 
nitrogenous heterocyclic substauccs (pyridine, pyrrol, pyrazole, etc.) gr&du- 
ally falls aoiT as moro unsaturated nitrogen atoms are accumulated in the 
ring, un^il compounds such as the triazoles, tetrazoles, and tetrazines 
(containing residues of the typo - N = JT - N = N - ) are found to.be unstable, 
Explosive, and usually acidic. 

Sulphur, *again, shows a> tendency in inorganic compounds to form com¬ 
plex ^noleculai derivatives, Such a,, the polysulphides of the metals, the 
polythionic acids, or the polymeric forms of fcMe element itself, although 
in many cases the products are not^so well defined as the inorganic iptro- 
gen complexes. A similar behaviour is seen in many hcterpcyclic com¬ 
pounds of sulphur; these s^e 'frequently of a> very stable 'nature, blit ar«P 
, usually mufth 'Mss reactive than tha analogous nitrogen derivatives. Fro- „ 
quently, too, heterocyclic sulphur complexes .of quite abnormal types have 
been met with ; these are apparently in many cases produced by u kind of 
polymerization of a simples ring containing sulphur. •< 

Finally, oxj'gjuVvms less stable and less definite heterocyclic series than 
either sulphur or nitrogen. 

If, however, the oxygen,or sulphur atom, instead of being 
bivalent, is quadrivalent (and therefore of an order of basicity 
approaching that of nitrogen), the case is ontirely altered, and 
heterocyclic compounds containing- quadrivalent jjboms of these 
elements aro as well defined as any of tha nitrogen series. We 
may quote the pyrones^ (quadrivalent oxygen) and many of the 
“ suphur dyestuffs” in support of this statement. 

There are thus at least three mnin chumcleristi, s 1 of any hetero¬ 
cyclic nucleus, namely, 

(i ) \Tlie total number of atoms in the ring. 

(ii) The specific naturl of 1h*-heterocyclic atoms. 0 

(iii) The specific effect of the purely carbocyclic portion of the 

heterocyclic residue. ° * 

To ^hese a fourth influence , of an external nature, must >e 
added— the effect of external substuiieuts on ring stability. ’ 

, It may be stated that, as a rough general rule, electro-negative 
or acidic snbstituonts tend to ring stability, and conversely. 
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4 

A few examples of this may bottom. 

« 

! h > 9 

K o is not a very well-marked heterocyclic com- 

k • * f 

« * '9 

pound, since 4ts ring sj^tem may no ruptured by # the« action of warm 

aqueous potash. On the oilier hand, cjftrhlorohydri '0 f'is much more 
stable, whilst MramethybjihyUne o^idc, containing the more electro-positive 
methyl in place of hydrogen, is so unstable that it unites at once Vith cold 
water, the ring-system being split up. » 


• * • 

( h ) Similarly, (Uazoaeetic enter , J^ch-cooe, , is more stable than diazo- 


■ J* 


cn ethane 

• % 

(c) The i^(luei|co of substituents on the stability of five- and six-mem- 

•bererP rings is Naturally not* so prominent,* but it is well to recall thpt 
.certain members of these classes exifgtonly in the form of tfi?ii*hydt$xyl or 
carboxyl derivatives. Thus Jdio flareut snbstauco ( 1 ) of 7 -pyronc (II) and 
dehydracetic acid (III) is unknown ; 

o- <3 • '€r*' 


II 


III 


id) Quite a number of other six-mcmfcjred ring-systems (chiefly of the 
(less stable) oxygen and sulphur series) are only known in the form of their 
diicuco-derivatives, the two acidic phenyleift residues apparently promoting 
stability; for example : 




A 

CH CH 

y 

(Unknunn) 

Cj4N$M 


H • 


I'henoxthin ^ 

6 

ch' bn 

* HJL 

Si 

• 

SL 

c»K- 

s 

Thianthrene. 


(Unknown). 


\ 

* < 


o,h 0 !-h - 

•A 

A 

V " 

Plieno> 07 ino. 


iThiuaiphc^rhmiae 

* 

• * 

(lfo'.nowii)J 

Mk 



u 

(Qaknftu) 

Synthetic Formation of Heterocyckc from Open-chain Compounds .— 
If is’obviously impossible to give general methods of preparation 
for so vast? a range of series as those*whicli hafe bepn outlined 
in the p^ceding tables; but it will be well to*indicate at ;this- 
poinfc a very few of the means which, whilst embodying similar 
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** • f • 

principle^ raajr bg applied the production of wifely different 
■ d&fopourjl?. ‘ • 

I. PyroffewMic Inactions. — Certain heterocyclic compounds 
result wt:qn vapours of non-lie^erocyclic bodies are heated to 
redness (in ^ ‘similar iqp,nner to the production # of benzene 

from acetylene]:— • 

• *• 

(a) Pyridine is thus produced from acetylene and prussic acid : 

• 2CoH„ + JJC,N-^CW.vN T . 

• • 

(b) Ca^bazolc results fjom diphenylamine at a red heat: 

^ 

c,h, c«H. c.Hrirc«H, • 

(c) Pyrimidines are formed from polymerization of nitriles: 

• • NZSTCiW 

II. Induction Reactions. —Mainly from the reduction of o-substi- 
tuted nitro-benzenes ;<thus we have : 


{a) */wdbC"<idm f *nitrophenylacetaldehyde. 


_^CMrCHO 

C.H, 

>fc NO« « 


C.h/^h 


(b) Benzoxazoles from benzoyl-o-nitrophcnols. * 

r*** 

(c) Reduced quinoxalines from ^nitrophenyl*a-aniinoacids. 


^-o^ao.H, 

C*H* 

'■MVC. « 


• C.H» 


^HOHlCOOH , 
O^H. • 

^*NO. 


I, /IH— CM, 


a-** o.H? I • 

NI+—CO* 

% * / 

HI. Oxidation licactums. —Thc.se are not so common as the pre¬ 
ceding, the chief are: c 

(u) Phenazines from o-diamincs and phenols. 

* ’ 


CoH« + CiHvOH 


-~«h. " 

(A) *Qhiaoline^from ^u*ora^tic amiifts and glycerol. 

f 0 CH-CH 

I • C«H*.NH» -I- CHjiCHJOHO »-»> Q. < } 

i (AeroWtn, from glycerol) " ■■ O H 
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IV. Condemnation htadions. —Tlie*c*arc by far #jc m^st 
rous* and may be grouped as follows : 

A. From a-diketona>. 

• • 

(a) Qlyoxalinrs ,with ammonia agd aldehydes. 


, » • 

a s—S B 

6 a • NM. »-» 

^c=rcw 

a * 

RIChPOHUNK,) • 

«J=> 

(5) Qnyioxal hies, with o-diamines. 

jgi 


• 

^NH a OC.R 

/*>= 

CiiH* + I S 

^nh, 1. 

— *%=. 


H. Ffoni^ (3-ifiketmies. % 

*[a) Pyridines. with aldehyde ammonia. 


• • 

COOEt.CH a 


<ho*c ft 1 *■ 


I + 

1. CO 


|H a .COO^| 


«CO»R 


4H a 


COOEi. iC£OOE* 

fiC|J L 


(b) Quiiioliites , (‘torn anilides ?>f /J-keto-acids. • 


R-CO-CH a 
C.H, | 

^NH—CO 


HC -- OH 


C*H« 


V N=JoH 


C. From y-dilr tones. 

(a) Fur/uruncs. • 

R«0—CH a * ^ ^PzzrQH 

*00-1^ < ivc=cb 

(b) Pyrrols , with amjifonia. 

CH a .cO-R |* # 

. | * NH a 

CH a «CO-R 

1>. From o-d iambics. 

(a) Phenarines, with o-<[uinones. 

"Nh» 


Cjf^=Cp 

• cL==cft NH 


* 

C.H* • + caH. »“► C " H \£'oH* 

* N NH# Of * % 


<* • 

«K. Ft •om o-aviinophctioh. 

0 ( a ) Ilertze izolcs, with fatty acidl. 

^"OH 

• C.H. + R.OOOH 




A * 

»-► c » H . N ^fcR 


nume- 

-tf 
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> * t 

F. Frdty antt nocvids. * 

(a) >i ) yridines 1 from glutaconami^ acids 

• * ^ch,—cm <» 


<^0 

, «Hi j&OH 


CO 'cm 
'toH-co 

^KAypyndincl 

(b) Acridines, from diphcnylacidartlidcs. r * 

. C«H» | CiHb • * c.xf 




flCO 


►fir p 


•Hi 


G. From hydrazine. * , 

i ' • \ 

(«) Pyrazoles, from'hydrazines and /3-diketones. 


R’.CO 


f 


NH a 

+ ^NHR 
CH “C >OHW 


,4 P=< 

I_ 


CH=C4U 


(J) Tria\fles t from acid hydraz\dea and amides 
R.po 


’■po NQ, 

J + 

NH a CO.R’ 


H. Front* </.. jlam ine. 

(a) Isoqviinolincy from cinnamaldoximc. 

4 


L=cT 


CoHvCHICKCHIN^H 


^«HOlCH=N J 


C|H. 


CM—CH 




CH= 


I. Alkaline condensation or deco moos >* to ,, 
(rt) I sat in, from o-nifcropftenylpropiolie acid, and alkali. 


^no» 

C t H. 

^C-C.COOH 


[ C.M«^oCOO!i\ 

\6 J 


C,H^jpO + 

VS 


CO. 


( b) Ethylene oxide , from chlorohydrin and alkali. 

.oh CH, 


CH..OH QHj 

L.c\ ^ k 


* (c) Diazomethane, from mtrosomethylui ethane and alkali. 

i 

I'”" + U<*+EiON 


COOEt.H-CH, 
N< 


IO 


1 1 


2 



CHAPTER II 


THREE- AND FOUR-MEMBERED RINGS: ALKYLENE 
OXIDES, SULPHIDES ANI) IMIDES; ALiPHATIC 
DIAZOCOM POUNDS 

V 

F ROM what has already been said respecting the relative 
instability of tri- and tctra-a'omic ring complexes, it will be 
srirmired tliat'the hcterocvclic derivatives of these typos are not 
very numerous. As a inatte£ of fact, attempts* io prepare 
difForent compounds of this Kind have frequently resulted in 
polymeric products containing more stable ring systems. For 

i 

CM] 

example, ethylene sulphide, s^l *, has neve* isolated, 

CH, 

formation of the six-membered dicth^lenc disulphide, sf ;? , 

® h *-ch, 

always taking place; and similarly, diazoacetic ester polymerizes 

JV-CKCOOEt 

very readily into tridiazoacetic ester, cooei.ch V , which 

cacooEi 

may contain either a six-me^n pored or a nbe-membered ring. 

Consequently wo need refer here merely to a few typical 
classes of these smaller ring systems, in vkich the individual 
members (with the exception of the aliphatic diazodcrivatives) 
are of little general interest. We may clnssify these compounds 
as follows:— 

(a) Alkylene oxides 

' ( b ) Alkylene sulphides and imides. 

(c) Cyclic oxime derivatives. , , r 

(d) Aliphatic diazocompounds. 

* * 

(a) Alkylene Oxide#'— T^ese bodies are internal ethers of the 
is 
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glycols,',|&nd in* many caSes closely resemble ordinary aliphatic 
ethers* T^hus tetramethylene oxyle and pent a methylene oxide (which 
may be inckiddd here, although not belonging to the ring 
jjystems^ mder discussion) are fnobile, lov*-boiling Ijquids, formed 
respectiveijrjrom the glycols HO.[pH 2 ] 4 OH and H0[6 hJ 6 01I 
upon heating the latter with* sulphuric acid. This ready 
elimination of water recalls the case with which acids such 
as succinic, phthalic, or camphoric yield cyclic -anhydrides, 
and is no doubt due to the same cause, namely, the spacial 
proximity of the hydroxyl groyps, for it is found that the lower, 
.members of the glycol series do not furnish thci»; corresponding 
ethers by this means. However, it is possible to prepare efjiylene 
yxide or trimelhylene oxide from the monohalog«n inters of the 
( glycols by4>he action of caustic alkalies : 


CH,.Ci 

1 + KOH ss rc 

CH a ^H *<&, 

* 


Ethylene o.tide is an ethereal liquid, boiling at 13° C., and pos¬ 
sessing a superficial chemical resemblance to its isomer acetal¬ 
dehyde, CH ;j .CIiO. Tills is duo to thc^fact that, whilst the 
residual affinity of the carbonyl gro # up causes aldehyde to unite*, 
with (for example) ammonia or •hydrocyanic acid, yielding the 

respective addition products C1I 3 .CH ^ and CfL.CH ^ 

the “ strain ” in the tfiatomic ring Complex produces a state of 
affairs very similar to unsaturation, and any opportunity to 
form open-chain addition products is eagerly seized. Conse¬ 
quently ammonia, hydrocyanic acid, and various other reagents 
react with ethylene oxide,* tfie products in tfyp first-mentioned 

GH,OII 


o 4 - KCl + Mj o, 


iiistances being ooxthyiaminc,^ 


CH„.NH. 


, and hydracrylfc attd 


* CH 9 .OH 
nitrile ; 1 / * 


•2» 


m w 

tile, 1 / " . Similarly, it is gradually decomposed by 

, C?H 2 .Ctf # 

water to reform glycol, and, although neutral to litmus, will 
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' £ r - 


slowly precipitate some metallic oxides from so^uti0ii3 # 6f thoir 
salts. For instance, , . t 01 


ZiiGlj + 2C„H/) + 2H 3 0 = 2CLCU 2 .CH,.0lf + Zn(OII). r 

- f t ^ ** M 


It is interesting to notice that, in acco\dance wit^fJhe general 
rule that acid substituents conduce to ring stability, and con¬ 
versely, tetramethylethykne oxide (which possesses no free hydrogen 
atoms attached to the cyclic carbon chain) unites vigorously 
with water, the product being pinacone ; 



(CHj) B C(OH)dC(OHVCHj ( 


r The only other alkylenc oxides which need to be mentioned 
are the epihnlo hydrins and the f/'i/ridex. If wo alt* on Cither 
«- or /3-dichlorohydrin witlf caustic potash, there results qrichloro- 
hydriti , a mobile, heavy liquid, boiling at 117° and resembling 
chloroform in smell and in its excellent solvent powers. 


CHgpOH 
CH OH + 


A 


H, OH 

GlvuroM 


CH a 

II . 

H + 


f 

CH, OH 
Alli'l .Icohol 


iHCi 


Cl, 


OH a .W 

1h/dh 

l 


+, KOH 


M,Oi 

» «*<iichlomhydrii) ( r 




CH,Cl 
£h 


l> 

CH, 



O 
'a 

Eplclilorohyd 


Epibromohydrih is similarly formed from the dibromoliydrins, 
whilst epiiodohydrin may b' produced fro.rn epichlorohydrin and 
potassium iodide. 

Epichlorohydrin resembles ethylene cxidc in many of jgs re¬ 
actions, but does not suffer rupture of 1 its triatofnic ring system 
so readily; on the other hand, when heated with anhydrous 
potassium acetate, it exchanges its chlorine for the icetyl group, 
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*, * , i • • 

and thfy ylt/dd# acetate db formed may then be*hydrolysed to 
glycidt ?or tynhydrin alcohol : , 


CH*Ci 

& +CF^C 

U 


• CHrOCOCMj «QH 3 X>H 

t 

OOK *-*> »-► P-H 

»Wi *. 


T 

CK 


If, however, an alcoholic solution of potassium acetate is used, 
t polymerization to a more stable ring system take£ place, %nd 
diglycide acetate is formed, which by saponification furnishes 
diglycide , probably * 


A * 

CH, CH.CHa.OH 


HOOHaL L 

• V * 


• • 


(h) Alkylene Sulphides and -Imides. —Speaking in general 
terms, sulphur in organic compounds is more bg,sic than oxygen, 

and nitrogen more so thaij either. It is therefore not surprising 

■* - > » • 

to learn that neither ethylene sulphide, E , nor ethylene irnide, 


B 


, is sufficiently staaie to exjst; these compounds are poly-* 


• • 


merited at the moment of their formation to diethylene disulphide 


^ n ^ # 

and piperazine * • \h , respectively. The tetra-atomic 

CH # —CH a s 


• • 


trimcthylene imide, A , is,•however, fairly stable, anil of conn 
■ >»i a • _ • 


SO 


• * It is worthy of notjj, that, alt.l*uiigh*clhyleiio diamine liydrocliloryje - " 
yields only piperazine as stated *ibove, Marckwald believes that ethylene 
iniidr *is obtained from bromethylamine and silver oxide, since the prAluct 
of thfs waction^fhitherto igrmulatA as* vinylamine, CHniOH.KHo) gives a 
benzenesulphonjjl derivative which is insoluble in alkalies, whereas all other 
compounds of the structure R. Nil. SO*. Calls dissolve in aqfteous alkalies 
owing to the acidity of the hydrogen in the group - NH.SOa -. 
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the higher hoikologues pyrrolidine and piperidine ere Wl^-Hefined 

organic bases (c/. pp. f>3,121). Moreover, if the other s^bstituenS 

of the hecrocyelic atpnis are sufficiently acidic cn nature, stable 

derivatives of the iatomic systeilis are'sometimes ence'-.ntered % 
» * ' \ ? * 4" 

thus tolane sulphide, A . , is found amongst $lie products 

of the action of heat on dibenzyl sulphide, C ( .H v CH 2 .S.CH^C 6 H ri , 

c.h»ch:o * 

whilst certain compounds of the type j\ 0 , as well as the 

R.CCiJf 

•imidc of oxalic acid, may possibly. 1)0 related to the class,, of 
al^ylene imidey. Q , ‘ 

(c) { Cyclic: *Oxim& Derivatives.—It should be noted that the 


nfirogdn alkyl*ethers of the syn-aldoxhnes tt .| H are supposed, 

NOH n «■ ii 

,, r r 

■» 

• R.Ch 

by Ilantzsch and Werner to possess the structure I) 0 , i.c 

r , Aik>i k 

t CH, * * # 

are derived from the hypothetical system, j^ 0 ' : Baeyer’s 


Jsatoyrnie ester, 



I 


formed by the action of strong 


sulphuric acid* upon omitrophcnylprcpiolie ester, is* another 
example of this class. * 

(d) Aliphatic Diazo-comptfdnds.—We *ome finally to the 

* W 

derivatives of tho'unknown hwhazi-w?flume- £ H *. There are a 

“ * * NM 


few unimportant carboxylic derivatives of this substance, which 
are barely capable of existence in the free state, but })y far the 

rr.sst interesting members 6f this "roup" arc diazomethane, 

N 

« J 

and its substitution products*. t 0 * 

Diazomethane was first prepared in 185*4 by von^ Pechmann by 
distilling riisrosomethylurethane with alcoholic potaslji: 

CII 3 . NlI.pOjEt—0).C0 2 Et—^CH a Na I- CO B + EtOH. 
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It may/iiso l^e made by deducing metbylnitroar^ine: 

* \ UN0 3 ILO 2H * 

0II t ,.N»g0 2 Et—>CH 3 .N(N0 2 )iC0 2 Et—>CII 3 .NH.N0 2 —>CH a N 2 . 

# It is a pale yellow g|is,*remarkable foi* its poisonous nature 

and its ca^city.for act’/g as a methylating agent by elimination 

of nitrogen ^it will be remembered that primary aliphatic diazo- 

nium ?» salts similarly give up* their ^nitrogen spontaneously, 

although aromatic diazocompounds are usually isolable). Thus 

it yields methyl alcohol with watpr, methyl esters with earboxjlic 

* acids, and methyl ^derivatives with phenols or primary and 

se«ondary*amines. , # • . 

‘ • Its disulphonic acid is produced as ,the potassium salt wljen 

potassium nitrite acts upon potassium aminomethanedisulpljpnate, 

■NH 2 .CH(S0 3 K) 2 . , *» • . , 

' The action of nitrons acid upon glycocollester hydrochloride 

leads to the formation of diazoacetic estb', j^en^ooe, (Curtins, 1883). 

• , • 

The fre$ acid decomposes at once into glycollic acid and 
nitrogen; biH its salts, esters, and amide are faif’ly stable, although 
somewhat explosive. Its reactivity is similar to that of diazo¬ 
methane ; some typical decompositions are shown in the follow¬ 
ing equations:— » 

CHN.,.C0 2 Et l HC1 = CHXlCO.Et + N 2 *• 

CHN».CO.,Et + C„H r> .^lf^'J G H r ,NH.CH a .C0,Et+N 2 , 

* OIIN 2 .CO.,Et* R.CHO==R.CO.(JH. J .CO. J EtNo 

With ethylenic esters, ^jrazoline carboxylic esters are formed, 
and on heating thes*e nitrogen is ifcminated aryl the correspond¬ 
ing trimethylene carboxylic esters ji re left: % 

COOEt,|H 


CHCOOEt 


N 

|[)cHCOOEt 

N 


COOEt|3H-Nv 
COOEfCH-Ct^COOE i 


CHCOOEt 

I^SHCOOEt 

CHCOOEi 


By heating diazoacetic ester with strong afkafies, the alkaline 
‘diazoacetates formed«enb polymerized to suits of tridiazoacetic og&f 
which yields hydrazine salts, rf 2 II 4 , IIX, on digestion with mineral 
► acids (Ourtius, 1894), hnd fregn the latter azoimide or hydrazoic 

acid, ,|) NH , lflay be obtained with nitrous acid. J 
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Dimroth lia* recently prepared aliphatic diazoijpitfe Wounds 
rom alkyl azoimides by means of the Crignard reag&nt* theSe 
are exceedingly soluble, unstable substances, aitf formation 

may be compared with that of dif.zoarrlJdobenzone from-phenvl- 
azoimide.- * * k ™ J 

4 a o 




C«H|iNj| t CoHatMi* 
N 


CH*Mg I 


H-0 


« C.M*NHN»N0'H» + Mg KOH) 
CHjiNHMsMCHj + Mg I (OH) 


The corresponding diazo-esters of propionic, succinic etc 
acids are also known. ' * ' t * c » ™» 

it is of intortst here to'eomparo the series of known triatoimc 
ring compounds f of carbon and of i^trogen: 


=c 




J> 

Alkylenc oxide* 

h* 


■fw 

•'y 

I rluitchyicnr 


'.M 


IP«- 


J> 

lene in 

!>• 


^NH 
l.lhylcne iimife 


- jT , 

Niliouv Okidi U'l.h n,i ili„n, U jinjiouiiils Aimmnle 


lteading from left to right, it is evident that the instability 
increases »> the same order in each strios, whilst the chemical 
^reactivity increases progressively. 



CHAPTER HI 


■LACTONES, THETINES, AND BETA IN'Eg 

♦ 


% I. General 

■.» • • 

I T is convenient next to describe a somowharimpo»*ant*grpup 
- of compounds, many of which occur in nature,, and which 
ane made up^of tetra-, penyta-, hexa-, or he^ta-heterocyelic systems. 
They Tnay <lll be regarded as tffe’internal anhydrides (or salts) 
of oxycarboxylic acids, and may be typically formulated as 


follows:— 

<* 

9 

* 

* * \ ' 


% 

fR.Cn.[CH.,]B?C0.0 
} 1 " . 1 

fRu.S.rCHiJn.CO.0 

1 1 

fR;,.N.[CH,ln.C0.0 

] 1 V 1 

l Ivic tones. 

l ?he tines. 

l Betaines. 


It will thus be seen that the methylene group CH S - in lactones is 
replaced by basic quadrivalent hilpnur in thdines ^ind by ba%ic 
quinq ue valent nitrogen in betaines; moreover, as will be more 
fully emphasized in thg following pftges, the most stable lactone 
rings contain five or six*atoms (“n^: 2 or .*1), wllilst (except in 
the aromatic tlietinef> and betaiifbs) the two litter classes are 
.usually derived from a four membered heterocyclic system 
(“n 1). 

> r - 

* 

Lactones* 

In t,379 Fittig prepaid a iqobile liquid of the molecular 
formula 0 6 II 10 O* which dissolved slowly in cold aqueous alka* 
lies,-and.was reprccipitated by acids: it appeared tojbc some 
kind of anhydride, but its properties did not permit of its 

I OK 
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’ '« » 


formulation*- as an ordinary acid Anhydride* (tt.aQ)„0, or ; 

,A . j * ‘ 

... , , R.CH ’(JO 

dilaetide of the type j j 


*uttf 


^Vccordirfgly'it was supposec 
6 ; 


CaH? q H 1 

to be l_|T ,und tlusfnew type of internal anhydride or 

r ester war christened “lactone” In confirmation of tliis view 
Fittig proved that by addition of hydrogen bromide to pyrb- 
terebic acid, (CH 3 ) 2 C:b H. CH.,. <?OOH, and subsequent* treatment 
with sodiuiq carbonate, the same compound was obtained. . 

Jn 6he4;dlowihg year, however, Erlenmeyer attempted to pre¬ 
pare a similar lactone from /3-bromo-jS-phenylpropionic acid, 
r C (j lf 5 .CHBr.CH 2 COOH, t but only obtained styrolene. He w,as 
thus led to suggest that tbc ! same conditions whkjh favoured 
anhydride formation of the ordinary type ( i.e . a fivc-membered 
ring as in succinir anhydridb) were necessary for lactone forma- 

tion. Filtig’s isocaprolaclone, therefore, became , and 

this view was supported by its formation in the oxidation of 
isocaproic acid (according to the “ Markownikow rule,” the 
carbon atom poorest in hydrogen would be first attacked): 


■CHj jCH-CHyODCOOH 


,r ~"Y F 

o-*-co 


.GHO^C.(OHiCHjCHjCOOH « 

.pH, 


Similarly, rediiction of laevuVinioacid, CH 3 CO.CIL.CII 2 .COOII, 
led to the production of y-vahro-lactone, and directly afterwards 
Bredt showed that the product «f reduction of sueeinyl cfiloride 
(already studied by Saytzew in 1 S'?3) was y-bntyro-ftcUyie: 


CHj-c&Cl 

<• ! 

C CH,-COCi 

or more probably, 




W 


CHa-qH, 

i y 

CHj—Co 


CH»-OC| a 

I > 

CH a _CO 


* 



, LACTOI^S, THETINES, AND BETAINES 27 

Lac tone‘s 
actions 


j * • * 

(may "Ito obtained by the following general, re- 


1. 


Eliminr f iou of water from/lie corresponding oxy-awd: 

• * “ * * 


Clla. CH (OH). (Hf B . CH;j. COOH > QH,.CH.CH.CII.CO.O + H 2 0. 




K 


Tliis* may lie accomplished by heat, but frequently takes place on 
liberation of the acid from its«salts; in such cases there is an* 
equilibrium set ug between acid and lactone (as shown in the equa- 
m tion)* the proportion of lac^oae usually greatly preponderating. 


2 . From unsatiftated acids : 

(o) By boiling with water, c.y. * 


(PII 3 WC:VII.OH 2 .COOH 


(OTT::).jO.CTTo. Cli.j.CO.O 


(h) By addition of,hydrogen bromide and treatment of the product 
with alkaline carbonate; tliis is a very general reaction, and 
<ttiay\ad^o the following products :— 


R.CIfa.CHa.CrhCIl.CHa.COOTf -> ] 

R.CH !i .CJl:Cll.GH ;J Cir a .COOU -> J 
R.CH:OH.CIL.C!Ij.C 1I.,.COO^ •> 


R.CIIo. CIh.ClT.CH2.CITu y-lactone. 


O- 


—CO 
R.CJI.CIT.CHb.CJIo.CH.. 


»1 


« 


9 


O-;£0 5-hiclonc* 


* 

(r) By boiling with 50 per *ent. dilute sulphuric acid, fty- and yS- 
unsuturated aciifs give y-lactones 

f■ 


CHo.Clh.CH:C11.C1 VCOOll . — ** CH :! .CII,ClT.T5 Ho.C lio.CO.0 


/Jy-Hydrosorbic acid. 


Caprolactone. 


(d) By careful oxidation with dilute ^permanganate, the same acids 
give oxy-lactondf; thus-*- ’ 

CTh.Cli.CH:CH.CHo.C001T*-V (CIh.Cn t ,.CH(OH).CIT(OH).CH 2 .COOft 

CH-i.CH 2 .CH-CH(OH) 

I I 5 

O—CO.CIIu 
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I 

t {c) isomerization of a few unsaturated oxy acid's heating ; for 
instance, c ' c 

X 

CJf 5 .CU:Cir.Ci:/Oll:.COOH->C (i Ilr,CG.Cl'I 1 ..CII, ; C0O}r->C (5 H 3 .C:CR.CH ;2 
a-oxy-'v-nhenyJisoc^otonic acid. /?-L. , nznylf>opionic acid. 7 | ,< | 

, , O—CO 

and CJ1-.C0.CH...CIT..CO01I -> CH 3 .C(OH):Cn.CHo.COOH 

* * + 

CII;|. C: C H. CJIoCO. 0 


a-nnqelica lactone . 

| CH ;J .CH 2 .CII:CH.CO.O. 


p-antjelka lactone. 

\ • 

£ By rejection of kotonie acids with sodium amalgam : 

, r R.CO.CIIo.G1I». COOH -v R.CIJ. CH* CH a .CO.0. 

* '• L_.1 

t 1 

1 

i. Bv mlnotion of acid chlorides (if. p. 2fi) or anhydrides : 



f>. By condensation of aldehydes with, sodium succinate in presence of 
acetic anhydride. 

These products, known a., paraconic % tcirfs, will ho discussed shortly in 
greater detail. » '* 


r.cho 


j5H a .C00 N* 
CH,.COONa 

I 


<CH, COl Q 0 R 



Most of the aliphatic lactones are mulqje liquids of fairly low 
boiling-point, readily miscible with most organic solvents. We 
may take the y-Iactones (the most, stable members of the class) as 
typical of the ihemical behaviour of th'ose derivatives^, and may 
further consider three general kinds qf reaction : 

, I. Opening of the Lactone Ring. ' 

On boilin'? with irater, tho conditons of equilibrium represented<by 
' lactone + II/) o\y-acid 

are altered, more free acid being formed, but it is exceptional for more' than 
20 per cent, of lactone to b., decomposed, even at 100 rj . Aqueous sodium 



LACTOr^S, THETINES, AN» BijAfVES 29 

9 % » • • 

Carbonate reajt^ Somewhat more #d9,dily, but it in necessary t,* use aqueous 
glka' • hydroxims in order conveniently to obtain tlio theoretical amoutit of 
y-acid. Sodiiini ct/i oxide, on the otlier^iand, will, under certain conditions. 


produce the ethyl ether\)f the co!e?ponding oxy-acid,* / 

1 > * *R. CIJ(0'/ 2 H 5 )CH 2 . CH 2 . COOtfa - 

Ammonia always forms lactams from lactones,*^,nd is never known to 
rupture th£ ring-system r 

R.CH CH a NH 3 fftCH CHj 

c*—do in—co 


30 
* * 


These compounds^which are also readily obtainable fron’*y- oi^-amino-fatty* 
acids, are violent poisons. >’ » 

Filially, potassium cyanide reacts with lactones to form thcvm&no-nijriles ^ 
of'dibasjp acids.. It was in %his way that Ilaller transformed campholido 
'to honfbcamjrtlorie acid, the caleiiuR of which yields camphor on 
distillation: 


H a —p.CH,^!0 * 4H Ap * 


KCN ^xCOOK 

^ CaHit 

■^.OHj-CN 


t.Jlnphoilt jrih;drulc 


Campholnle 


-^COOH 

c„h , 4 

'^•CHj.COOH 

f ixmocanipherii itiid 


Halotjcn acids (especially HC1) react similarly, anj! produce chloro-fatty 
acids or esters. $ * 

if' 

9 t'* 

U. Oxidation .—The behaviour of lactones upon oxidation 
varies according to the manne^ of substiCUtion of the lactone 
ring. Thus we may classify lactonc&'as follows: 


CHo. CH.,. C H„. CO. 0 

l _i_. j 

Trimark. 


ijR.CH. OKjj. Cl 1 o. CO. 0. 

■ i_:_i 

Secondary. 


R1.C.CII 2 .CH.,.C0.0. 

“ I '_I 

Tertiary. 


» * 

Of these, the tertiary group i$ most stable,and oxidizing 
agents merely attack on* of the # substituents,* R. 

(CI^)o.C.CHg. CHa. CO. 0 © -> , CH 3 .C(COOH).CH 2 .(^ 8 .CO.O. V 

"I- * I '* I_I . 


Primary and secondary lactones are usually completely broken up. 
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‘ 1 * . I 

III. Beth dion .—Simple lactones'c&n be reduced fnkgeneral only*' 
by phosphorus and hydriodic acid, the products beifig^he sifnple 
fatty acids. ^olyhydroxylateJ la§t(fiies, hovjevegfwill sometimes 
reduce in alkarwie media to eorresjrinding oxy-aldvaydes, *and t 
this has Sometimes proved useful in synthetfi^ work on the 
sugars. . ° , 

There are a few individual lactones of special interest which 
we will now describe. 


4 ( * M 

In accordance with the general applications of Baeycr’s Strain Theory, there 
are very few /3- or t-lactones sudiciently stalilo \A exist, whilst the 5 -lactoncs 
(six-membered rings) are more easily decompound than the 7 -members. 

♦ There are indeed only four /3-lactones known—the three [.ortho-, mrttt-'i and 
payx-)' lactlC 1 ?-* prepared by Eiuhoi^ from the nilro-fl-phenyl-fi-bromnpro- 
pionic rtnVs, VO 2 .Cofl 4 CHBr.CHo.COOH, and one aliphatic member, 

1 obtained by Baeyer from l»'<)/nu-unsy»i-dimethyl succinic acid — # . 

> r * *• 

'CHj'* C. COOH * AfiaO (CHj)-C—CO 

a f *-► T | 

CHBrjCOOH COOH CH-O 

• 1 

The latter chemist has also prepared,a few t-lao tones by the action of 
‘Caro’s acid” (HO.0.SOj.H) on cyclic ketones j t’.f/., / * , 1 



Campliolide, which maj be similarly obtained (rom camphor, and also by 
reduction of camphoric anhydride(p. 29), may b^ regarded as cither a 0 - or 
an c-lactonc. v * ’ „ 

Amongst unsattirnfcd lactones wc'piay notice the two anyelica lactones from 
laevuliuic acid {rf. p. 28): parasorbic acid , CH 3 ,CH.CHo. CII :C1I.G0.0, of 


which coutnarin (p. 83) is a beii/io-flerivajive, and mmtcnic lactone , 
c^f°~\i.CH, } obtained by Hantzfch in th^rcductiou of acetoacetie oater. 

CHaJb —■ch t 

Tihe last two compounds are a-pyroncs [cf. p. 82). * 

A series-of somewhat impdrt&ufr lactone acids (wh^h have ifeen very 
thoroughly investigated by Fittig) may bo Obtained, as already explained, 
by an ext^ision of Perkin’s reaction, a mixture of an aldehyde and sodinin 
succinate being heated for soi e hours with acetic anhydride. The formation 



LACTONES, THETINES, ANB BfiTAUfES 31 

c**f the simpleiJ^Ambe^ of this grew]?, paracomc acid, will serve,to explain the 
jest: ■* * 

A, 

* 1 
H.CHO r CH^OONb | CH a (OHiCH,COON»» 

^ CH a COON* ,/ 1 ch 


JHaCOOW. 


* 


COOH 

^CH 

ol~CO 

> 


These acids undergo a variety of transformations by the application of 
* heat, alkaUcs or other reagents, and are thfc more interesting since dimethyl ■ 
paraconie or tercbic acid is one of the oxidation products of many terpenes. 
, The following scheme illustrates the further decomposition of this compound, 

. and will serve to give some idea of the general nature of Fittig’s researches. 


't nr 

^ (CHi^O fc (COOAVCHaCOOH 

DirtiethyliUconic Kid 

1 (NwOH) 

CH *^ 

CH#/ 0-<SH4COOWl.pHa«OOH 

Dimethyls [iconic acfrt 

I fBvjj 

CH,Br > 

^CBr£H(COOH>£H,COOH 

CH* J 

(reduction and then treatment with N» a C0 3 l 


Oh 

< CH,vC N CH, 

I It 

o—A 

1 erebic acid 
* (Veat or NtOC,H^ 

and il» 


CO, + 


'CHaJipTpH* 

lio 

fsoca prolactone 


CH*CH—CHCH^COOH 

;o 


1—tir 

■*» lc 


V 

Isoparacunic acid 


and also 


✓V 

CH, 

i‘ ‘ 

CH*C 


C—CH 

L-cC 


(heat) 


CH 

Isa 


j£i 


CH; 


HaCOOH 


a di-lailonr 


Phthalides and Phtlubkins. —It will be recollected that 7-lactones 
can often be obtained by reduction of corresponding acid 
anhydrides; the substance , thus prepared from phthalic 

j v - * 

anhydride, phthalide , C « H * , is of especial importance, both 

“ * OH, I 

i 

from a ^theoretical point pf view anc^ from its relationship tb 
numerous * important dyeotufFs. ' Theoretically speaking, its 
derivatives form'd kind of transition stage between the anhydride- 
like aliphatic lactones and the salt-resembling thetines or 
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/ * * »,<4 

betaines. «The “basic” nature (5f*thc aliphatic*(mbon atom-" 

in triphenylmethane is well known, and if the hydrogen atoms* 

of the methylene radicle in plithalide are r^placpd by aromatic 

residues, the Mikity of the carbon &om concerned is so much 

strengthened that the oxy-acid \C ( ,H 5 ) 2 C'(0^/.C 6 H 4 .COOH * 

exists only in the form of salts, which when acidified revert at 

* O 4 

to diphenylphthalide, . This compound can be 

f vSCbH#)^ , 

' ' .... * . * 
synthesized by oxidizing triphenylmethanc-o-carboxylie acid, and 

also by allowing aluminium chloride to act upon <a mixture of 

ibenzene an<} phthalic chloride or anhydride : 

( 2 C«hJ 


once 


•i:*. 

\ 

P 


c x 


# 

C»H« ' 


5Q < c 0 dj " ^cooh 

t C»m jy '■ ' C«H. 

X -CO.C.H, 


I. * 

V OI|>h>n>lpInhj|iiI« 


i-UtflKiylbcnmir nyf 


f * • 

If the intermediate product (o-bcnzoylbenzoic a£id) in the latter 
reaction is heated with phenol and stannic chloride, phenyl 


co 

U v 


phenolphlhalide, •y • ■ is formed, whilst, finally, if the 


„ A 

C,H, C.H*CM 


methyleno hydrogen, atoms are replaced by phenolic groups, 
members of the phthalem soyies are formed. Thus by heating the 
reauisite proportions of rfn’chalic anhydride and phenol with zinc 


requisite proportions of jfn’ 
chloride the compounds 



anhydride and phenol 

» 

rVr 


fhenolphihatem 



$g a 

are formed, the former preponderating; the second compound 
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will be ducussed more fufiy with the pyrones in Chapter VIII,. 
(six-metntered ring systems}. > 

PhenolphXhalein is alnrbst colourless, but some of its salts are 
df a vivft! ,j*ed colour; h/nce its'use as an indicator.. The change 
in colour haN been explained in twq ways : one theory assumes 

that, whilst the lactone is colourless, the acid ion, 0, ^ C(CtHi0H)i . 0H 


is coloured (it is only the solutions in dilute alkali which are 
colqured, the lactone itself (ncnionized) and solutions in strong 
aqueous alkali (which would diminifh the ampunt of ionic 
dissociation of the alkaline salt) are colourless). , *■ 

The other view is that the colour is due to a quinonoid 4 struc¬ 
ture in one part of the molecule, thus : 

<» Hi 



1 

If resorcinol is substituted for phenol in the above preparation, 
resorcinol-phthalein or fluorescein , a ycjlowish-red compound soluble 
in strong aqueous alkalies to a dark* red solutior, results. This 
substance is strongly fluorescent In all solvents, and its structure 
has been proved to lie: 


J 



In other words, this compound is also a derivative of dibenzo- 
3 
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' #'•: 

Tyrone. The fluorescent nature of the fluoresceins hasducen ex¬ 


plained by R. MeJ »r oh the hypothesisti^at the system 


41 


n 


iff 

•V*“ 


is a flaorophore, i.e. is capable of showing fluorescence in presence 
of favourable substituents (flvorogens )—in this case the adjoining 
aromatic nuclei. On the other hand. Hewitt supposes that such 
substances owe their fluorescence to the capacity of the molecule 
to exhibit “double symmetric tnutomerism.” Thus it is argued 
that the fluorescence of the above compound, is due to the vibra¬ 
tion of the inulcculf, through the following phases : 



Neither phcnolphtlialcin nor fluorescein are dyestuffs, hut the following 
tetraMi Instituted fluoresceins are vivid dyes,* not so much h»e»l at present 
as formerly, owing to tK*ir .somewhat crude shades: rvsiii (telrabromo-), 
ertithroxiu (tntiaiodo-), and .s \nf)o\m (dihromdinitro-). 

Mention must also he made of the. \hnifam ini’s, winch are fluorescent dyes 
derived from m*..aiino-phenols (tableau of /auliuxyWnzem's) and phthallo 
auhydiidc. 


HI ‘fllKTIXES 




The thetines (thlo-befixin^) may be regard d as thio-,6‘-lactones 
of the general formula L\ 2 S.CII 2 .GO.O. It appears that the 

strongly basic nrture of the quadrivalent sulphur alom is suffi¬ 
cient in this instance to overcome the usual reluctance of a tetra- 
atomic chain to form a ring-syteu, or, in other words, whilst 
the* lactones are internal esters, the thetines and betaines (for 
exactly the same considerations apply *o the nitrogen atoms in 
the latter class) arc internal salts. 

The aliphatic thetines were first prepared by Letts and Crum 
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Brown ir| 1878,»from alkfyi suphidos and halogerf fatty acids. 
Dimethyl sulphido, although no£ a base in the strict sense of the 
word, is sufficiently basic /f/O, unite with alkyl Ivvlides (especially 
in»preserlho of mercuric irfiide) fielding sulphonium iodides: 

* (CH ;i ) 2 S + RI=(CH 3 J 2 .R.S.I. - ' * 

Similarly, from bromaeetic acfd and *ilimethylsulphide, the 
compound (CH 3 ) 2 .S(Br)CII 2 .COOH (a sulphonium bromide) is 
produced, and is transformed by silver oxide to dimethyl thetine, 
(CH a ) 2 .S.ClI 2 .CO.O, a deliquescent body crystallizing with one 


molecule of water, blit neutral to litmus^ and possessing all thy 
characteristic*properties of an internal salt, y^et stdl sufficiently 
basic to yield normal sulphonium.salts with strong acids. 

It should be remembered that by* means of the thetines 
sulpliUr has Decn obtained in # #ie optically active state, for, 
starting from methylethyl sulphide, Imethylethyl thetine was 
prepared and resolve^ into its ojfdcally actiye donstituents by 
mean^ of ^bromo-camphorSulphonic acid. A, better method, 
however? is tc* cohdcnso the same sulphide with w-bromaceto- 
phenone, and # to resolve the resulting methyl ethyl phcnacyl- 
sidphbitium bromide , (C If.,)(Tb, 1T 5 )(Cb 1I v CO. Cl I 2 js. Br, which con¬ 
tains no free carboxyl group, and is consequently a somewhat 
stronger base. 9 • • 

o q 

•A few somatic Chetin#s have been prepared ify Smiles *by 
condensing aromatic sulphoxidys with sUrcylic acid by means of 
cold concentrated sulphuric acid. -• 

-OK 09 on ' 


(CeHJuSO 


i / 

> (c«h,,) 2 s<; 

\so,ii 


CeHi 


\ 


COOH 


(C$ II n ) o. S. H). C«11 4 (GkH). (00(3H)-^(C 6 H B ) J! .B.fyHrfOH).CO.O. 


IV. BteTAINES 

It fellow's from the p»eeediii£ section that the betaines are 


derived from 4he system . The parent substance derives 
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its name from’ Beta vulgaris (common beetroot),*in whieh it was 
discovered by Scheibler in 186#. In the same year Ifiebreich 
synthesized it 'by a* reaction similar ^o that usediater in the 
preparation of thetincii, namely h m f * 

/CHo. COOB^ Ag a O 

(CH 3 ) 3 .N + C1.CH 2 .CQ0H-X (CH s ) 3 N< - y 

\C1 * 

(OH.,) 3 N.CH 2 .CO.O. , 


He also prepared it by the oxidation of Mine (p. 39). 

Hofmann showed that tertiary amines* a*d chloroacetic Ister 
readily, react, 4 amb that' the products when treated with silver 
oxide yield oeiuines y and that theita are also the result of exhaus¬ 
tive dlkylaliob of glycocotl : , 

t • 

Rl . Ag.,0 * * 

nh..cHo.cooh —> r 5 :n.(I).ch 2 .cooh —->■ r 3 .n.ch 2 .co.o. 


Like the corrbsponding thetines, the betaines ano .weak biases, 
forming characteristic salts, with mineral acids/chloroplatinic 
acid, picric acid, etc. They are usually crystalline, and sometimes 
contain a molecule of water, which is expelled on heating to 100°; 
in these cases it is difficult to say yrith certainty whether the 
crystallized compound is the free base-acid, R^N(OH).CH 2 .COOH, 
or whether it is merely a case of “ watdr of crystallization.” 

Many of the aliphatic betaine derivatives occur in nature. A 
few of these ar* discussed in ffie concluding* section of this chapter 
(P-39). ' ' 


A few aromatic betaines have been synthesized, notably by methylating . 
anthranilic acid derivatives: 


^COOW 

C«H« *“*> 1 

*"*NHa 






•SCH,)yJ 



$ 


A triphenylj 'tosphorbeiaine is produced by the action of alkalies on the 
ddition product of triphenylphosphine, (C 6 H B ) a P, and chfor^cetic acid. * 
Pyridine betaines are also of some importance; the simplest member was 
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| If # 

prepared bj ^ongeijichten by *th% addition of chloraoetic Jbid to pyridine 


(p.d03). 


0 *°: 
V v 


w 

:f . 

C I<OH J4 COOH { »—•* <f 



fAqO) 


•0 


cf'bH^CO^ 0 /V >H 

* s co 


Hantzsch showed that similar products could be obtained by methylation 
of pyridinecarboxylic acids. For example: • • 



Some of tljfcsn compounds illso occiy' yi plants (rf. p. 40). 


V. Naturally occurring Lactones and JBetaines 

0 * 

The members of these classes which are found in nature (most 
frequency ih'the vegetable kingdom) may best be classified for 
the present purpose according to the complexity of their structure. 

(i) Simple Lactones. —The two most important members, parasorbic acid, 
CH 3 ,CH.CHa.CH:CH.C0.0 (occurring in rowan lorries), and coumarin, 

i-1 • .. * 

•• — co m (in woodruff^ melilot, and other plants^ are disculsed 
| elsewhere (pp. 30, 83). # 

(ii) Complex Lactone$.~ The constitutklbs of saatonim , C 13 H w 0 3 (from 
the buds of foreign species ,of the worrilwood plant), affd of scdanolidc, 
C 12 H 20 O 3 (found in oil o{> celery), have Silly been ascertained comparatively 
recently, and are therefore of some interest. 

Thejformer compound was first isolated in 1830, but its structure was 
unknown until worked out Caimizauro and Andreocci some fifteen years ago* 

It is an exeSssively poisonous drug, is optically actiffe, and is useful in 
medicine. On exposure to light, howevbr, it is changed into photosantonine, 
which possesses no marked therapeutic properties. The main points % in the 
proof oiits structure are: 

(a) It contains a carbonyl ^oup = 00 . ' « 

(ft) With* alkalies, salts of Santoninic add , C^H^Oj, are produced. The- 
acid reveres to santonine on heating. * 

Santonine is therefore a keto-tactone. 
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(c) Oxidatiorf-and reduction reactions sWw it to be € a re^icfc dimelhyl- 

naphtha lair, derivative. * 

(d) By reduction with phosphorus* and hydriodic acid, a phenol-acid is 
produced, which mag b£ further changed ifltdha dimethyl-fi-naphtlyl. 

(r) By distillation of bantonamine*hydrochloride (ftym the. reduction*of 
santonins'ovime), a substance, liyposantoninc , is fomieif, Xvhich yields a 
dimethyl-phiha/ic acid , whifch in'turjt may be converted t o p-wylene. 

a L . (NHoOIl) . (reduce) . (HGl.Salt) 

Saiitonuie-v Oxime-Santonamine- ^ 

C n lJ JS 0,tN.0H) C 1D H I11 0 2 .Ntf 2 (heated) 


Hyposaif toning 
* <\rX, 0-2 


(oxidize) 

I V 


, Oinifll.vl 

ac-'d 



ili'tiluith C*0' 


t Xjline 

c*ij 

V. 

CHa 


The dimcthyl-fi-tiophthoL :p 



(/) Since hypo* into nine (still containing a liydronaplitlialene ring) can be 
transformed to a naphthalene derivative which is optically Active, the source 
of optical activity lies if\ a side chain, and not in the reduced naphthalene 
group. . 0 

(y) Since a phtItalic acid, and^nffjt ^ tctiaearboxylic acid, is produced by 
oxidation of aafiioniuo, the lac,tone ring must%hc attached to th§t part of«*hc 
naphthalene nucleus whirl*does not contain methyl groups. 

(h) By consideration of the etynpoiufts foimed by the action of light on 
santonine, it hs 4 » horn shown* \hat the carbon}* group forms part of tlie 
reduced dimothylnaphthaleiie ring* and that* the most probable formula is 


accoidingly— 


9 W *> 


c cHj 
*| | 



V 

The constitution of seUanolidc is mfccb more simple. On gentle oxidation 

#■ * r 

v 

CH.C H ^ 

it gives n-Hlityl phthalide , 4 * whilst alkalies transform it.to salts of 
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ft ^ •% , t • 

sedanolic |^i, an oxy-acid w^ioh contains two atoms of hydrogen less than 
a^ke tonic acid, fcdanonic acid, which is always found with sedanolide. 
Now, dfhce both these acids fumiili by reduction the same fully-reduced 
rlcohol acid, it follows that ttio structure of se<^anoni9 acid will give the 
^jlne to^hat of sedanolide. Whet# the oxime^of the latter acid is sub¬ 
mitted to t^* “Beckmann rearrangement,”*' the mono*>i-bvJ,ylainide of 

A 2 -tetrahydropkthalic acid, /'NccSyiHfl.H, j formed. 

I^^^cooh 


Sedanolide is therefore 

. • 



4 


» 

• (iii) Compounds related to Betaine. •— It has already beei^ pointed out that 
betajne itself occurs in be«*tibots. A number of its reduction products arc 
als£ foilmWn nature, and some of these, although not true betaines, may be 
mentioned here. * * 


For example, the alcohol which corresponds to betaine, choline 
(CH 3 ) 3 N(OJI). CHo.CHo(OH), incurs in nerve tissue, yolk of egg, etc., in the 
forn? of lecithins (.^mplex glycoi ides of higher fatty*aeids and phosphoric 
acid). It was'syntbesized by its discoverer (Strccker, 1862): 

(CII^N + Cl. CILj. CJtTr. OH->(CH 3 ) 3 N(Cl).CH 2 .CII a .OH-> 
(CIL,j 3 N(0H)ClI 2 .CHo.(0.p). 

Boiling baryta dehydrate# choline and forms the poisonous neurine* 
^CH 3 ) 3 N(OH).CH:OIJ. i ,, which is AirSueut in decaying in^at. (£Jiolinc and 
betaine afe, however, non -poisonous.) Neurine is also tunned when silver 
oxide acts upon the addition (product of trimethylamiue and ethylene 
dibromide (CH 3 ) ;! N(Br).CH 2 .0H 2 .Br. , • 

Again, the aldehyde t iutermodiatJ * between cliAine and betaine, 
(CI1 3 ) 3 N(0H).CH 2 .C1\0, is probably Identical with muscarine, which occurs 
in certain plants. 


**Thc “ Beckmann rearrangement” is the teim given to the transformation 
undergon^’iy many oxinJes in ^presence of sulphuric ^cid or phosphorus oxy¬ 
chloride, whereby derivatives of acid .amides are formed : 


I 



RCONHR' 


1 


RNHCOJl* 
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Finally, a very,important animal product^ taurine, known sndM1824, and 
synthesized by Kolbe in 1862 by the action of ammofiia on cnloreth^- 
sulphonio acid, Cl.CH 3 .CH 2 .SO 3 H, is a i’ll phonic acid analogue of bAaine : 

* . . f 


‘CT* ' 


T*nnr *' ¥ Beulnr 

' ft 

(iv) Pyridine Betaines. — Triyonellinc, occurring in goatVhorn, a* plant 
nearly allied clover, has been synthetically shown to be mcthylnicotinic 


betaine, 


1 CH, « 


•CO 

1 '. 


■4poyKyUcni&acid does not octyir free,' but is one of the 'oxidation products 
of the opium alkaloid narcotine ; since it is obtained by the action of silver 


oxide on the product of methjlation of cinchomeronic acid, 


iCOOH 


COOH 


,it is 


also a pyridine betaine. 

A recoline and arecaidine, found in betel-nuts, are respectively the methyl 


COOH 


rater and tho free acid derived from 


(N-methyl tetrahydro- 


pyridine-j9-carboxylic acid). 

Pilocarpine , C]]H 16 0.jKj, which is fountain Jaborandi leaves, was at one 
time thought to be^ji pyridine bet^inh, but more recently has been shown to 
be a laclonic derivative of glyoxaline, pndcr which latter heading it will be 
described (p. 74). * • • 



CHAPTER,^ 

FIVE - MEMBERED RINGS: MONO HETEROCYCLIC 
* SYSTEMS (FURFURANE, tHIOPHENE, PYRROL, 

AND AI*L1ED COMPOUNDS) 

■* • 


I. Genital 


• * 4 ' , 

W E have* to deal in this chapter with a more distinctively 
heterocyclic series of compounds than those just dis¬ 
cussed ; that is to say,»whereas the* lactones and related com¬ 
pounds all pai$ake in some measure of the nature of anhydrides, 
and their rlng-syutems^can be opened and closed by more or less re¬ 


c—c 


c—c 


versible reactions, the heterocyclic systems <jj Jj* jj c ^ Jl 

V > 'S' ) NH 


| ' 

each persist through an entire series of chemical changes, each 

system behaving as a chemical'entity, and if the heterocyclic 
ring is once broken, it crAmot be readily‘S-eformed. • 

Moreover, the heterocyclic eleme.ft—0, S, or.NH—in these 
compounds is entirely abnormal in its behaviour: the oxygen is 
neither ethereal, ketonic, nor lactonic; the sulphur is chemically 
inactive, and, a although apparently bivalent, is c^uits as stable 
as when in a sexavalent condition {i.e. as the sulphones ); the 
secondary amino-group is hardly basic at* all, and even functions 
as a “phenol,” the imino hydrogen being replaced by metals. 
Finally, fhe, physical properties of these elements which can be 
numerically estimated (e.g. refractive power or heat o£ com¬ 
bustion) ate alfeo abnormal here, and it has been variously 

,41 
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thought that the systems in question may Jiest «4 represented* 
either as: 


* 

H—CH 

II 

^CH 

o 


ft 


• CH=CH 

%! ! 

ch-9 h 


CH—CH 

\;a % 

CH CH 

V 


01* 


V c 


If 


CH 


Some of these derivatives have been known for many years • 
pyrrol was discovered in coal-tar by Range in 1834, pyromucic 
acid by Schcele in 1780, and furfural by Dobeneiuer iji 1831.. 
However, ^heir mutual relationships, together with those <af- the 
cfufuarones, indigo, carbazolf, etc., were not recognized till 
v$r y mutch later, the greater part of this work of systematisation • 
being carried out, notably bv Baeyer, V. Meyer, a 114 ! Knorr, 
between 1880 and 189Q. * * * * 

There are a few general methods of synthesis applicable to 
members of each series. Thus, y-d^eton<» 3 (R.CO.CH 2 .CH 2 .CO.R),, 
and mucic And saccharic acids, COOlI^CH.t)Ii] 4 .C©OH, all 
undergo the following transformations : 9 


(k) Distilled >\itli 

r 9 0„ fttrfuranc, derivatives, 

CHrrCH 

1 >0 

CH—CH 


* * * 

CH“CH 

1 > 
CH— ch 

w „ 

thiophene * ,, 

(<-■) * 

« 

Ml;,, pyrrol f „ 

t 

CH=CH 

1 __ 2 nh 

CH — CH 


The reactions ( b ) and (c) also occur with the anhydrides of the 
succinic add yeries. * * * „ 

Many of the corresponding compounds in all three series show 
a remarkable chemical*'(and occasionally physical) resemblance 
to each other, and also to the corresponding benzenoid com- 
pounds,• as is shown in tfie tab|p below. « All, three series, 
too, h|ve their distinctive colour-reactions. # Thus, with isatin 
or phenanthraquinone and concentrated sulphuric* acids, the 
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,*r 1 * * 

following .Colours, are proJufced on addition of a compound 

•of—' 9 

Fnrfurane . 1 . , . Violet. 

Thiophene . . f . . * Intense bine. 

* Pyrrol ^ ' * • . Indigo t blne. 

Again, if a pine-shaving raoisteiledVitil, hydrochloric acid is 
placed in the vapours of these substances, it assumes the 
following colours: 

• * n i 

Furfurane compound present . Green. 

•Pyrrol * ,, t » „ <* * , Brilliant red. 

It will have been noticed that, according to the formulation 


CH-fcH( B > ’ , * 

ch > , ’fcvjo mono-substitution products (a and /3) shouhf 
\s • * * » 


exist, and this isomerism has beejn definitely observed in the 
pyrrol and ipdol series; with some of the furfuranes and thio¬ 
phenes. bowftver, thq difference in properties bet\Veen the a and 
/3-isomers is so very slight that doubt lias been expressed as to 
their distinct Existence ; aixl in view of this and of the above- 
mentioned abnormal character of the heterocyclic atoms, the 
symmetrical formula IV. (p *42) has been put forward, but the 
poijit is not yet definitely ^ettleil* ^ % 

The following table shows the similarity of benzenoid, fur- 
furanc, thiophene, and pyrrol* compounds, and emphasises the 
especially close coincidence betweji* thiophene »and benzene 
derivatives:— , . * , 
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II.^T/erivatives of Furfurane 


CH—CH 

*JL 


The furfurane group is perhaps less important than either of 
• the others, but is nevertheless very interesting by reason of its » 
close connexion with j)oth the aliphatic and aromatic series. 

. Thus vwhen the a-dispbatitutud’ furfuranes are heated with 
aqueous hydrqchloric acid under pressure, those >y-diketones* 

from which they are formed by dehydration are regenerated* 

' * 

, CHj CO-R <P 9 0«1 * CH—C.P (d,i HCI> CHaCO.R 

.!• »— I 1 . V> »-* I 

CHj-CaR CH—C.R CM,.CO-R 


I ll 

The parent member, furfurane, was first prepared by Lirapricht 
in 187Q by distilling barium pyromucate (C 4 H 3 O.C0 2 ) ; ,Ba; this 
is "Siidlogbus to‘the formation of benzene on distilling calcium 
benzoate, (C 6 H 6 .C0 2 ) 2 Ca. 


It is also formed when pine-shavings arc distilled,* and is a low-boiling 
liquid with a characteristic smell; f.he oxygen therein cannot be recognized by 
any of the reactions usually shown by fliSt element when present fn organic 
radices. * * * 


1'etrnphenylfurfur ane is interesting‘*beeause of its formation from benzoin 
on treatment with hydrochloric acid in seal id tubes:— t 


C«H s -CH(OH> 

?. I 

’ C.H.-CO 


V\ 

C*Hj»C C£N,H» 

j| [I + C.H,COtCO.C.M, +• ? HjO 

CiHuC^.HC|Hi 
• • 


»» • * 

The only other furfurane deri stives we need mention are 

a-furfuraldehyde and a few of the carboxylic acids. 

The '|ormer substance occurs in the products of destructive 
distillation 1 of wood, sugary or bran (the group-name is derived 
from, the latter*method of formation: Latin furfur) bran). 
Pentoses are quantitatively converted to furfuraldehyde by 
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* ‘ * 

distillation with hydrochloric acicf, and are t»ften eltiinatcd in 
this way : 


CH (OH>.CH^OH> 

CH (OH).CH (OH).CHO 


CH—CH 

I > 

CH—C.CHO 






Fnrfurahlehyde possesses a close chemical resemblance to benzaldcliycle ; it 
forms exactly similar addition compounds (oximes, cyan hydrin, ^tc.), and 
•its ether Reactions are also exactly parallel with those of the aromatic 
compound, as the following examples show 

• . 

^ ( a) With concentrated potash, a mixture offnrfuryi alcohol and pdfassium 
jujromurate is •n-oduged. * , * ‘ 

• ' • 

(61 Alcol\plif. potassium cyanid*' catalytically condenses it to fiiroin 

"(analogue of benzoin), from tvhich furil results by oxidation : 

• * » 

• • • 

_ KCN 0 

c.iii a o.giio -i cno.c t n ,o — { o.cii(oii).co.(hii 1 o-> 
c 4 h 3 o".co.co.cvi.o. 

• * . « • , 

(<•) It condenses with fatly acid salts in prosper of af'etic,anhvdcMe 

(Perkin’s reaction): 


(CII ( .(J0)..0 • 


C l FI ;t O.CHO + 01I :! .tfOOXu 
he avid). 


1.0. CIT:C1I.COOT! (fan vntent- 


"The besb-ftnovvn furfurane acid is pyromulic acid, discovered* by 
iSclieele in 1780, in the distillation of nmcic acid. Its structure 
and relation to furfuraldelfyde were determined by Baeyer. Its 
constitution follows from Ih^it of the* latter substance (which is 
known by its indirect transformation int(f acetone diacetic acid), 
since it may be produced therefrom by simple oxidation or from 
its nitrile, which can be obtained*in the usual way by dehydration 
of fa r/u raldn.fi rife. 


• ■% 


Sojpe of the a-diulkylfurfurune carfawylic acids are also of great interest, 
since they arc frequently formed in the distillation of tartaric and other 
aliphatic puiyoxy-acids. For examine, pyrvtritartaric acid (acd-diufcthylfur- 
furane-/3-carbc .ylie acid) is thus obtained from tartaric acid, and may be 
syntliesiz^l from acetonylacetoacetic ester, as well as* b % y elimination of 
COa from some other synthetic acids; whilst it may be decomposed aga in 
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under suitable 1 'eonditicus, either'Silo a diketone or into a furfurane, as 
sTlown ‘Selow > 

I 

* 

•>> <- H a d 

' 3 c 4 HaO^ ( , *" 

nirUric acid * f 

CH r CQCHa-COOEt 

i *" 

C| CH,CaCH» 


L ) 

* 3. CH f CO-CC6H 


I'yruvu .kwI 


C90Et4C='J^CH, 

S^Oj 


, OH 

CH=zC«OH).CH, 

Accton)l,icct<uretic ester 


CHi.CO.CH. COOEt 


>.C1 


CHa.CO.CH. COOEt 

. Dure Insure i |c isicr 


<CH 3 CO' a O OOOH.C-C.CH* 

*-*• I >o 

COOHC=CjCH, 

Cubopyroli'UiUrK add 




• CH,. COONa 
CH a .COONa 


0°* 


unC. CH (CH 3 co, 9° COOKcrrp.CHa S 

, HOC-CH. ^ | )o * 

+ H 11 COOEt ; HCrrc.CHa.COOH 


McUiuiU'i at J 
J 


CHa.CaCH 3 

• I’' ' 

, «"■' CHajCOCH, 


+ CO, 


/J* 


AtctonyUc^tonc 

0 

CH —CtCH, 

. . I >0 frtJ 

* COOHC-C.CH, ^^irj 

rift V it a \irte tU lit 

CH—CLCHj 

, I _ > 

1 CH— C,CHj 

liriiLtliN lluiftir tnc 


+ CO a 


J 


CHa—CH a 


* T N o 

Finally, we come to telrahydrof'urfani fr Ui ram ethyl air oxide f A.. ^ 

([». 19), wnich has not yet, however, belli prepared directly from furfurane ; 
and to the ketoldralu/drofurt'armies, some joI which, like butyrolaetone 

/ * 

CHj-CH, * CH.-GO^ ; 

ch e^° 1 aiK * £,ll( ‘ c ‘ n * l ‘ anhydride, ^h,_cc > are «l»itc well known aliphatic 


co - ch* *. 

j 


Compounds. The isomeric dike to compound, ( l H;r _ c ^ 0 , is also known 

t} 

t * 

having belli synthesized from dibroinacetoaectic ester :— s 

* , J -* 

• * t * j 

CQ.CH, Bro Cttited) CO ■“■CH, (sodium amalgam) P® 

I »—► I > *—► }0 "J 

VHBp.CbOEi CHBp CO CH, -CO 
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The methyl derivative of this body wa£ known earlier, aiAl had receive 
the name telrinic acid, owing to its salt-forming properties. «It fc£d been 
prepared by a.somewhat similar method:' 

f V ' / 

i COXJH aBr ’ < K0E0 CO—CH, - 

* I | *)• (' * 

CHvCH^JOOEt CH*,ch—CO * 

7 -Rromo-a-methrlacetoacctio ester. Tetrinic acid. < 

Accordingly, the former compound was called tctrmic acid, Although its 
lactonicffctructure had in the meantime become apparent. The metallic salts 
of these derivatives are usually represented by means of the corresponding 
di-cnolic formula. , , L * « 


w 

/The monobenzofurfuranes, 



are more usually called coumarones, 


« «/ t 

a name given to them by Fitti&, Vho obtained them iif 1883 Irom the 
corresponding coumarins ^ix-membered a-pyrones, p. 83). 


This conversion of a six-membereci into a .five-membered • 
system is of ‘interest from the point of ^iew o‘f * ring-stabilijty; 
we have already seen that many three-membered systems 
rearrange themselves to the corresponding sii-membered ones 
with the utmost vase, and other examples of this kind which will 
be found in succeeding pages show that the most stable compound 
jin aey n case is not necessarily ( that Jn which^ there least 
mechanical “strain," but that ring-stability in the heterocyclic 
series is also considerably^ affected by the chemical nature of the 
substituting groups. The mechanism *of the present reaction 
probably involves intermediate formation of the o-oxy-cinnamic 
acids of which the coumarins are the lactones:— 


CH=CH 


C.H. 


O-CO 

Coumarin 


CHasC Bp (alcoholic KOH?/ ^ CH=C Br^OOK^ 

c.h/ I — ‘c.-hT 


.-[Iromocoumarin 

I 


I’oUttium •-brumo-p-oayxinn.imale 


.CH 


Coumarll 


'O' 

Cmiwruoc 
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Two otlie>’ synthetic methodise? formatiou of tho coumar&ies (the parent 
member cjf which is a liquid somewhat similar to furfurane, and boiling at 
169°) may be described:— } ' 

r 

(n) fr<\i o-oxy-w-chlorostyrulene and caustic alkali: 

r it 


\ » ' 


.CHsCH Ol 


CH 

c - h ‘„0 


(b) from phenols and a-chloracetoacetic esters (Hantzsch) : 


HO.C, R 

|joN» Ci.C.COOEt 


R 

COOEt 


With polyhydrie phenols, benzopoly furfurane derivatives Aay be produced, 
as, for example, from phloroglucinol r 




+ ? 3H>COiCHCj,COOEt 



"j?u. ‘purposes af classification, the phlkalid.es and phthalic anhydrides 
are sometimes vegarded as derived from a reduced “ isobenzofurfuranc,” 


A —cn» 

'o , but it 


may be pointed out that this is only true if we adopt a 


modified centric formula for furfurane, since ir-iben'.ofurfurane cannot be 
formulated on the Kekulc hypothesis: , 

We have seen that bnno-po/jj-j'urfurancs are formed synthetically from 
polyliydric ^hffuols, and similarly \vc have dibenzofurfura h e, more usually 
teriped diphenylencoaide, which is produced when diphenyl ether is passed 
through a red-hot tube, and is synt’.esized Lorn o, o-didiazo-diphenyl salts: 



0 


NH 2 NHaV^a 
0 



ihno 9 > 



N:N N:N 

Vim un 
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. ^ M 


III. Derivatives of TinorkENK, 


CH-CH 

u il 

CH CH 

V 




\ v i 

Thiopjient compounds arc obtained instead « of forfuranes'in 
nearly all the reactions in wjhich the latter are produced by 
destructive diatillatiorf, if the operation is conducted in piresence 
of phosphorus tri-sulphide, P 4 S 6 . Thus muck? acid yields thio¬ 
phene cai4)Oxylic acid when heated with P 4 S 0 , instead of pyromucic 
acid, as on p. 46. # 

Two other methods of formation are *al£o used 1 :—* * * 

‘(«) 7 -ketoni<^ acids heated with phosphorus pontasulyhido give <&y- 
Ut ioph itfs: , 




t • 


!H,CO.R 


Pa S » 


CH= C .R , 


Sodium amalgam) CH~CvR 




r 

CM..COOH 

(6) Many ethylenic and’acetylenic compounds form thiophene derivatives 

when heated with*sulphur. For instance, 4 

o 

COSH.C fi-COOH (tlatcJ} COOH.tj—C- COONf * 


COOH.O 


1 • S' 


C' COOH 


COOH.C C COfcH 


and 


C,H,.CH CH.C.H, 

I II 

C.H..CH CH.C.H, 


(heated) 


1 ' 


m: 


+ > H 


x> 


The latter compound, fhioacssal , was firht obtained fronf stilbene*'by 
Laurent in 1844, but was ciot recognized as a thiophene until nearly fifty 
years later. . 

* i f 

As a matter of fact, the fcistory of the thiophene compounds 
as such dates only from about 1883, wh£n V. Meyer showed 
that benzenes prepared from coal-tar contain traces of the 
corresponding thiophene compounds, which resemble ‘them 
remarkably closfcly in nearly all physical propertied, a fcvcn as far 
as smell and boiling-point. Thus benzene and thiophene both 
boil .at about 80°, and cannot be separated by physical jneans 
(advantage is taken of the mor^ rapid Skilphonation of thiepheno 
in order ti remove it from commereialdbenzene). c Thiophene was 
in consequence so completely overlooked that its, blue* coldura- 
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tion with isatin #and string sulphuric acid passed as a test 
for*Jbenacne until Meyer f foun^ that benzene prepared from 
benzoic^acid never gave the reaction, and, was "Ihus led to the 
di.^covery of the thiophenes and their relation to furfurano and 
pyrrol. *• *' * ’ 

The table already given (p. 44) 'emphasises the physical resem¬ 
blance of the thiophenes to the benzenes: it must be added here 
that, by means of the sanpe reactions which are used for the synthesis 
of aromatic compounds (halogenation, sulphonation, the Friedel- 
Crafts and Fjttig syntheses of alkyl benzenes, preparation of benzoic 
acids* etc.), the corresponding thiophene derivatives may always be 
obtained. Usually, however, substitution proceeds* more tfeydily 
in t*he thiophene series. On the*o.ther hand, although thiojihene 
is thus more reactive thambenzene, the* sulphur atom present is 
far lass reactive than in corresponding dialkylsulphides, and can 
be converted from the bivalent to the qiiKdri valent or sexayalent 
condition neither by oxidation nor by addition of alkyl iodides. 
Moreover, Bujihl has shown that the refractive power of thiophene 
k mpr-hedly lqss thjtn that expected of a body containing a 
conjugated unsaturated system such as CII:CH.S.CH:CH, and 

L_I 

evidently the nature of the intramolecular structure of this ring- 
system (as well as those of ftirfycne and pyrrol) is at present by 
no-means thoroughly* undirstood. ^ * 

CH-CH* • 

Derivatives of selenophenc, u , ha*c been prepared by the action of 


s* 


qp w 

phosphorus selenidc on 7 -diketones. 

A few benzothiophenes are known, of which the parent member, thionaph * 


oh 


. CH 

thaw, c*h.' j and oxgihionapM/icne , hojc.h, ch , ^areHlie most im- 

w V 

portant; the latter has been synthesized fron; thiophenaldehyde and succinic 
acid: * 


d 


CfHO« 


J H..COOH 
H«COOH 


(CWs-COla 0 


(A 


CHsC.COOH 


\ 


- \U ch„cooh/ 


■OQ 
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Those compounds closely rosemble naphthalene and a-naphtholrespectively 
(see also thioiadujo , p. 61). r , f 

Dithiophcnc or thinphthrn-e is produced fly distilling citric acid with 

PA-— % v 

* • 

«5s 

is-COOH CH rrCH 


CHvCOOH 

CtOHl-COOK 


(P 4 S.) 


ch 9 


and iiibcnzjtfhioph'HC {diphenylenr sulphide) is formed similarly to diphenylene 
"oxide, namely, by the action of a red heat upon diphunjlsidphide. The 
sulphur in dibenzothiophene may be oxidized to a sulphonc, although, as 
stated above, no thiophene sulphonc is'kfcoun. ' , * « 


TV. Dkrivativks of Pyhpoi., 

* 

H mrr ‘ 



#» 




dust as the sulphur and oxygen ato'iiis in thiophene and 
furfurane are Tpiite abnormal in chemical boha'v?our, co the 
imino-group in pyrrol, instead of rosemblidg thoisc in (TPdinary 
secondary amines, is very weakly Jysic indeed, *.nd frequently 
acts more like a plymolio group with an acidic hydrogen atom. 

The pyrrols are obtained by tfye action of ammonia on 
y-^liW^’^^ompounds, and, lfld the furfuranes, revert to these 
under special conditions. Thus wc have— * ** 


CH,£O.CH, 

I ' 

CHj.CO.CH,#, 

A> U^nylacaonc 



i NH 

«^=7cHj 

« 

Oimclhylpyirol 



CHj-C CH 3 J «njOH 
CH/C CHs;=N.OH 

Aictvnylacelone diowmc 


Pyrrol itself is a pleasaut-smellii^g oil which occurs to &«. small 
extent in tl& distillates from coal-tar, bone oil, or It may 

be synthesized by distilling the ammonium salt of mucic acid, by 
tho^reduqtion of succinim'dc with zinc or sodium, and by passing 
acetylene and ammonia through a red-Jhot tube. L 

f t , c 

Pyrrol ^priiis salts with strong acids, at the same tii^c undergoing poly¬ 
merization to solid tripyrrol , which, when heated, yields btnzopyirol (iiidol), 
pyrrol, aiyl ammonia. 
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r 

* -(if 'll) »-* »<• + * 



i. • 


(Indol) 


Cl 


Potassium (but not sodium) replaces the ieiidc hydrogen in pyrrol, forming 
ystallipc jk dassinm-pyrrol, 0 4 H 4 .NK ; this compound reacts with a large 
number of organic halogen compounds, and thus produces N-derivatives of 
pyrrol. 

m 

m 

For instance; 

C 4 H 4 .ifK + C*?H 0 I ,->• C 4 llf.K.(! 0 ll r , (N-Kthyl pyrrol). 

GJU. NK + CH 3 .COC1 -> C 4 H 4 N. CO. CII, Acetyl pyrrol). 

C 4 H 1 .NK + Cl.CO a Et -> C 4 H 4 .N.CO..Et (Pyrrtl N-carboxylip ester). 

Tlie C-aUcyl pyrrols arc mad 4 by the usual Synthetic metfioSk MaTny 
thehg&gen derivatives of tlufpyrrol^ai^ unstable, but tetraiodopyrrol ( iodol), 
C 4 I 4 .NI1, which is produced by the action of alkaline iodine solutions upon 
pyrrol, resembles iodoform in appearance and in antisepticjiropcrties. 

• 

Tli£ carb&wlic acids of pyrrol are interesting, Jx>th from their 
vhcm^'al resemblar^e to phenol carboxylic acids and also as 
intermediate products in the synthesis of pyrrols, which usually 
resuft from them by the application of heat. 

They may he obtained as follows: - - * 

/» 

J. Method ^similar to the pryaratiov of phenol acids :— 1 .*.* 

(a) By the action of OCX, on potassium pyrrols f 

C 4 }l 4 .NK-i-CO a •G 4 H 3 (COOK).NiT. 

• . • 

(h) Bv the action of Ct’l 4 upon pyrrol^/in presence of alkalies (Reimer’s 
reaction) : f 


CJ1 4 .iNH + CC1 4 


2 ILO 


t'iIl ; ,(COnH).NlI + 4UC1. 


2. Othrr methods: — 


(a) Action of alcoholic amines on*7-diketoearboxy 1 ie esters : . 

* t 

* COOEt.CH.caC'H» * • COOEt. -v C.H, 

* I •+ NH*R »— *. [Z> 

* . cqplt.CH-cac.H. oooe, t==^ c .H. * 


Dibenzoyl s ucemic ester 
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(//) Reduction of a mixture of a jS-ket^uic cater tind ita istmitroeo* 
compound: 

w 

R.CO * j CH.COO^ 

i I + 1 

' COQEt. CsNOH <5o -« 

* * . 

By gentle reduction of pyrrol (zinc-dust in acetic q,cid) a 
dihydropyrrol, pyrroUne , is formed, and on more energetic 
reduction (phosphorus and hydriodic acid) the remaining double 
bond is eliminated and tetramethyleneirajdfe or pyrrolidine results. 
Bpth reduction product^ are strong bases. * Pyrrolidine is also 
formed,by hea ring /,idresdne hydrocMonde, NHoCl[CHo]. r NH 2 .HCl 
(formed by reduction of succinonitrile), and by reducing sue- 

cinimide with sodium in alcohol (cf. pyrrol, p. 52). , 

, ♦ * * 



It a fiords another interesting case, of relative ring-stability, since piperidine 
on methylation furnishes a quaternary amnwninm ’hydroxide which readily 
rearranges to a derivative of methyl pyrrolidine: *’ 

.r , ' 

.CH,- CH, iHCO CHj-CH, 


y - — 'now * - X 

CH, »-*> K 

X CH,“PH» CH # -Ch.< 


(CMj^Cl 


KCM» 


Pyrrolidine itself is finally convo/iod fo an unsaturated hydrocarbon, 
dirbujiJ »tYn.iTTubmitted to exhaustive methyl! tion • * 


CM a -CH, 

i ; 

CH 


CH a -CH, 


^ch 3 " ch,_ch» • ^ 

>H * »—► CJH„ l I* / N 

_<*H, \ J ' CH,_(*«* 


(distil) 


CH a ) OH 

3 


CH/CHa^KCM,^ 'CH 3 I. CHrCH^NCH,) OH (dlsll |, CH, 

\ ^ I 

V »CH= CH, 

Divinyl 


CH=CH a 




CM=CHj 


Substances like buti/rolactanutor succkiimidc are of course derived from 
ketopj rrolidine. i 

< * * 



, is an important compound 


Benzop^rrol or indol, 
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which is frequently founc^ in decaying albumen, and which is, 
moihovSr, very closely related t» the important dye-stuff indigo. 

^ * • 

It is obtained: • 9 

^a) Pyrogeqptk^lly, by heating many alkylanilines (H.g. • cumidine, 
C 0 H 2 (CH 3 ) 3 NH 2 ) to redness in glass tubes*; bj» distilling indigo and its 
derivatives with zinc dust; and by fusing albumetis with potash. 

• ^CH*CH C| 

(&) From o-aminochlorostyrolene, C#I ^ NH , hy elimination of IICl. 

(c) By reduction of o-iytrocinnamic acid. 

It Is a solid with a characteristic smell, closely resembling pyrrol in chemi¬ 
cal behaviour., * „ 

General synthetic methods far the production of indols itieiude : 

• » | 

(ft) Bing-formation from o-^minoaromatic »Joinpounds: 


■■CHj.CO. R 


CoH 


9 • CH 

* C.H^C.P 

-NH, 

9 9 

( b ) The action of heat’on phosylliydrazoncs in presence of HC1 orZnCJl*: 


•9 


CflHs, 


■\ n < 


CHj.fti 


CR- 

C»H, \o. R * mh, 
\ / 


In this reaction jpyraaoles (p. 66) are also frequently produced. 
There arc three possiblg modes of alkyl substitution of the*» 
indol nucleus: 

/V~n 


N R 

N-Alfcyl; n.lols j 


•-alkyl ifdols 



NH 

d>lltrvl iritnl. 


The most important alkyl derivative is skatole (5-methyl indol), 
which occurs with indol iq mammalian fmces. The indol car¬ 
boxylic g^igls are obtained bjr exactly similar a mc*Jiods to those 
used in the preparation of the pyrrol acids; the remaining im¬ 
portant indol compounds owe their ^interest to their connexion 
with?indigo, and will be discussed ip the next section. * 


|| ], or mrbazole, as it is usi^illy called, 



JHbenzopyrrd, 
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is found in the anthracene fraction $f the products of coal-tar 
distillation, and is extracted thrrefroyi commercially by fv^ion 
with potash, when the potassium deiivative (as usually Jr 4 ppens 
in the pyrrol scries) i^ formed. ‘ It is a very feeble jbase, anc^is 
of some technical value as the source of several* djes. It may 
be synthesized •— , , 

(a) By leading diphenylamiue through red-hot tubes. 

( b) By'neating thiodiphenylamine with copper powder. 

(c) By warming the diazo-derivative of o-,aminodiphonylamine : 



t H,0 


Y.— indigo, 

*i ' / # 

By far the most important member of the .^roup^of compounds' 
now being described is the dye-stuff indigo , which is found in 
certain plants (notably in ivdigofera anil and in woad, isatis 
. tinctorial) in the form of a glucoside indican. When the plants are 
submitted to the action of a speciec ferment present ( indimvlsin) 
by triish'ihg* : \;hem with water in basin# exposed to the air, the 
glucoside is decomposed and indigo-blue, together with some 
inferior colouring matters whose nature has only recently become 
fully understood, is precipitated. It is best purified by reduc¬ 
tion with alkaline glucose solutions or with calcium hyposulphite, 
when the dye is converted to colourless soluble indigo-white. , the 
by-products being mainly insoluble. The filtered solution is 
left exposed to th\j air, and indigo-blue is then reprecipitated. 

Although indigo has been used both by civilized and savage 
races ^since a remote period, no ideas of its real nature existed 
until within the past eighty years. Indeed, up to the close of 
the phlogistic period of chemical history, it was usually regarded 
as a “ mineral.” Its empirical composition (C 8 H 5 0If) was estab¬ 
lished about 1830-1840, ana soon afterwards Fritzseh distilled 
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it with caustic potasfi and obtained an oil, identical witS “ eyanol ” 
from ^al-^ar or from the ’•eduction of nitrobenzene, to which 
he gaveNhe name aniline. Somewhat later the oxidation pro¬ 
duct ^rom indfgo jvith nitric acia, C S H 6 0 2 1V, was characterized 
and designated isatin. There matters remained until Baeyer 
commenced the systematic investigation of, the decomposition- 
products,of indigo about 1865, and having elucidated its struc¬ 
ture, proceeded to devise synthetic methods for its production 
(1880-1890). 

t 

The abroad outlines of Raeyer*s Vork are as follows:— 

* • « 

(1) He reduced'indigo successively to indoxyl and ind*l. 

(a) As we have already seen, he synthetically proved indol to be beifoo- 
pyrrol: indigo was transformed to indol by heating with zinc-uhSv. 

(b) Indoxyl,'C jiHjON, was obtained ^by fusing indigo with caustic potash 

in absence of air, as an unstable oil. ‘Since it yielded a nitroso-compound, 
it evidently contained an imino-group, and was consequently regarded as an 
oxy-indol. This view was,confirmed by »Baeyer’s synthesis from o-nitro- 
pheny]propioli(Mvster: ' 


0 


CsC.COOEt 


NOj 


piinmomuin sulphide) 



TfTe indoxylio ester first'formcn yields the acid on saponification, aii'lT.hA 
loses CO a on heating. , 


(2) He next examined the oxidation-prod’vel isalin, C$H rj 0 2 N, from which 
by reduction with zinc-dust and acid he/obtained dioxindoi, OsHvO-jN, 
which by further reduction<*with sodkun amalgam gave ouindol, CsH 7 ON. 


(a) Oxindol readily rcoxidizes to dioxiiidol , and the latter substance to 

isatin. i 

( b ) With nitrons anhydride,’ oxiiulol yields an iso-nit rosopom^SHiml identi¬ 

cal with an oxime obtainable from isatin. 'Consequently, assuming tho indol 
nucleus present throughout, we have * 

* « . O , CsMOH 

<C,H«.NH>.CHO »-► <C.H*nh)/| *•“« (C.H^NHI.CO^ 

bx'ndol * 


lutmime 


IsM id 
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c « * f i* 



I I 

c< 0H ) ,ch. 

, oxindol must be c »w« ^oo . 

nh * * vh 

• » 

(c) This was established independently by the synthesis of oxindol from 
0 -nitropbeny lace tic acid : 



f ^ 


r * 

(d) Dioxindol was ne.\t*<jho\vn to be 



f * 

(3) Bacyer foiled that isatin, although apparently possessing two«earbonyl 
groups, yielded only a monoximo {isatoxime), vvl^Ist by<r the action of P6l 5 
upon isatin a uhloro-dorivative was produced, indicative o£ the presence of a 

/ CO 

liydroxylic group. lie therefore suggested that isatin was oh , and 

<v*. f 

tjjis^vas-bfwie out by the following facts t 


( j'ZN.QH 

(a) Isatoxime (which becon\es c.h, xuohj , yields, with ethyl iodide, a 

* N f 

mono • and a di-ethyl ether, bothSif whicji revert ty) isatin on hydrolysis. 


(h) Nitrous acid reacts with indoxylic ester (see above), forming an moiseric 
isatoxime {\p-isaloximc ); this also fu^nfches mom- and di-ethyl etlicrs , but 
here only th.*’ moip>-ethyl ether reverts to isatiTi: * •» 


n NH 


'OOEc 

Indoxylic 


€ 


NjOj 


« 

^ c ? 

,co 

w c 

C.H, / CMOEt *- 

*■ C.H, aP*OH 

yP9 

®*H« did. OH, r 

t 

t w 
^utin) 


< A° 

C.H. 'cmOEt 
% N E| t 

■ f 

,CO 

C.H. }CO 
* VEt 
<A'-E«hyl-f-is,nn) 




and that,of indigo itself followed, since the dyestuff resulted from 
simple oxidation of indoxyl or from reduction of isatin chloride : 




I him chlorid*. e 


The determination of the vapour density of indigo agreed with 
this formula. 


It remains to describe tho complete syntheses of indigo effected by Baeyer, 
starting from o-'hUrocinnainic acid:— 

*(a) By oxidation this^ubstance O-nitrobenzaldehydc was prepared ; this 
condenses in the usual manned with acetone to an “aldol” derivative which 
can be hydrolysed by alkalies, when one of the prodncts of saponification is 
indigo-blue: * 


3 


NO, 


KMnO« * 


* ~T 

CH=CHCOOH 


*c;h« 

"'"‘CHo 


NO, 2 CHj CO CHj 


(dilute slliai,) 


11* s 


^^NO, 

, C.Hq % 

)» 


/ N \ ,nh 

C ^ H ‘ V / C=C \ 

' co N co 

'» 


( b ) o-Nitrophenylpropiolic acid is obtained from o-nitrodibromcinnamic 
acid, aiifd’ then either— t 

(i) Directly reduced to indigo by a mild alkaline rc-agert: ' '**■ 


c <" N ° a 

-CasC. COOM 

{a 

c*-Nitropheny]propioli€ acid 


n -9 

' 

i C.H 4 /C-COOH 

* co 
Isatogcim jeiJ > 


4H m ,NH 

»-*. C«H« > « c C.H. 

va Vo 


"“CO 
Indiguk 


or (ii) Converted- To o-dinitrodiphenyldiacetylene through o-ni'.imphenyl- 
acetylene, the latter compound then being reduced : 



GO 
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^NOa 

^C^C^JOOH 

J*0» 

S C^H. # 
^CsCH 

• 

ft 

ft 

N~O O ~n 

'6^ 0— C CaH* 3 *. 

\ / \ ✓ 

CO CO * 

NH 

CgH« 4 

• a> CO 




„NOa N0 2 

'VaM, 


C»C-C»C 


,NH 

' s 

Vo 


IlldlJ'O 


Various commercial processes for synthesizing indigo have 
also bdfcn devised, but until recently none of these were remark¬ 
ably successful. , 

The earliest suggestions in *tlfis direction were*for the fusion 
of compounds, sijch w-bromacetanilide or ethylene anthnfiiilic 
acM,* with caustic alkali; a mote promising starting material has 
■Oifefen foutidf in phenylgiycocotl, or better, its o-carboxylic'acid, 
which is conveniently madg *rom ftnthranilic jyici chtQracetic 

^.COOH 

acids. The product, cia. , is then submitted to potash 

fusion, when % indoxyl is produced and rapidly converted 
to indigo by atmospheric oxygen. ■Th> method, known «,s 
Heumanii’s process, is not yet perfccl u, the latest procedures 
being to reduce the phenylglycocollVith magnesium powder in 
presence of a mixture of fused sodium, potassium and barium 
hydroxides, and to conduct # Jhe Operation at 200-230° under 
r#d<*eed«"prcssure. K0-90 per cenfc of *indigo may then* be 
obtained. « # 

A still better procedu?^ has been devised by Sandmeyer, 
starting from crude aifili^ie and carbo'h disulphide. When 
heated togethci* these form thiocarbanilitle (I), which is boiled 
in an autoclave with water containing leatl carbonate and 
potassium cyanide. The thiocarbanilide reacts in the tautomeric 
form (II), vflid fhe mercaptyl group is “replaced by*thc cyanide , 
radicle (III). This product fs reduced in the usual manner by 
ammonium sulphide, th<? corresponding thio-amide (IV^ being 
forfued. On heating the‘latter with .strong sulphuric a,pid the 
following inactions occur: • • • • 

{») Condensation to an indol derivative fVJ). 

(ii) Replacement of die sulphur present by oxygen (VI). 
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1 

(iii)'Elimination of tli j anilido radicle with formation of 
* indigo (VII). ? <, 

(i^Sulphonation of the indigo to tjie indigo-carmine 
^ a^id (see below). 1 0 


» 9 

C,H*.NH 

Jp.NHC.H» CbHj. Ni 


gT Ar-n.CgHl 

• » HS 

II 


^-N.C 


* t 

Cjk-NH 

X C=MC,H» 

NC 

111 




r C.H, 

. 


c »h 4 : ;c=n.c.h» , c,Hr 'c=n,c # h s 

» X cs * 1 S c 6r * 


IV 

4* 


y NH NH 


vi 


/ \ 

C*H« c =C C*H« 

'co v co 

VII 


Mono- and di-sulphmic acids of indigo are frequently used’in 
place of iijdigo itself, sodium indigdiin-disulphonate being * 
technically known as indigo-cam,her, indigo-red and indigo-brovm 
(indmdnn) are two bodies isomeric with indigo and occurring 
with it in nature, but are not so valuable tinctormlly as indigo 
itself. % Indiivbin has been proved to be 


CaH* 


Vh 


Very recently, the corresponding derivatives of benzothiophnee, 

/o ^co i 

c** y cst C N £c.h. } have be^n synthesized, and under tL^ namefe sf 
s s 

thioindigo, thioindirubin, etc., are fining considerable technical 

application. 0 , ■> 

Thioindigo , which is “deep red in colour, is prepared by .alkaline 
condensation of thiosalicylic and chloracetic acids and subsequent 
alkalifie fusion :— * 

, i 

» * ilkali ) ■* 

j C$C + »CH,C|.COO* *-► 

^COOH 

♦ i 

^^S.CH»COOH alkali fusion , ^CO CO 

,C «-COOH ’ —I °‘ H \ >=<>.«. 


• • 





CHAPTER V 


FIVE-MEMBERED POLYHETEROATOMIC RINGS : THE. 
AZOLES (OR RING - SUBSTITUTED NITROGEN 

OF tfl^RFUiRANE, THIOPHENE, 


DERIVATIVES 
AND PYRROL^ 


« • 


I. General 


T HE preceding chapter vtassconcefned with the heterocyclic * 
ring systems containing four carbon atoms arid one other 
(oxygen, sulphur, or nitrogen) and we have now to consider the 
numerous series derivable from #ach of these by« substituting * 
one or more nitrogen atoms for one 01^ more df the = CM- 
groups therein. Taking as our exampl the substituted pyrrol 
compounds (which are the most irrfcortant), it is seen at once 
that there arc two ways of replacing one mcthinc group by 
nitrogen: • 


*ch=t:Ch< *> 

I >» 

< (f)CH =ZCH(ft)* 


CHrrrN 

I 

CH±TCH 


CH — CH 


* m Pym>^a)-mo»»wle Pyrru-fb^-moruiolt 

* V 

The number*of isomeric ringfsystemt increases when two 
methine groups are replaced by nitrogen atoms, and a rational 
generic nomenclature becomes essential to ready compreYfension 
of these Manaus types. Unfortunately, but eaiurally, the 
different series of the group were not all worked out contem¬ 
poraneously or on a settled plah, and so different group-names 
hafe been proposed from time to time# Richter has put forward 
a better system, starting from the general designation azole for 
any donative of furfurane, thiophene, or pyrrc 4 which possesses 
nitrogen in place of the ring = CH- groups. The number of such 
02 9 
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flitrctgen qtoms introduced cis' suggested by the appropriate 
prefix' Tmn-^di-, or tri-, and thjf nature of the original ring-system 
from w0jdi that in question is^ derived is shown by-the further 
prefix furo-> thio or pyrro-. Finally, the met bine groups of the 
^)yrrol>etc., nui^ei^Ye termed a, a v b, b v as shown abo fe, ^and a 
simple but obvious nomenclature results. Thus in the subjoined 
. table will be found a list of all the types of compounds discussed 
in this ch&pter, in which the formulae and generic name of the 
pyrrol compounds are used as typical of the rest, whifet in 
addition the common names of each corresponding system 
(oxygen? sulphur, and nitrogerf) are given in successive 


colulnns: 

— 

il 

n 

DK 

« 

Pyrro(a)monazole 

Furo-az > les Thio-azulcs 

.ilsoxazole Isotbiazole 

Pyrro-azolcs 1 

Pyrazolo 

Or 

Py rrof b) in on azoic 

Oxazolc Thiazole 

•% 

Glyoxaline or 
Imidazole 

ch=n v 

1. > 
ch=n 

HO 

Pyrvo^ia^ diazole 

Azoxazolcs — 

Oso triazole 

CH=N i * 

I NH 

n=c6 

Pyrro(ubj) diazole 

Azoxinio Azoauljbime 

Triazolc 

! ^ NH 

CHZ3CH 

PyiT (iib)diazolt 

41 > 

Diazo-oxidcs Diazosulpliides Aznnides 

n=sh 

1 >IH 

NZ=CH 

Pyrro (bbi)diazole,, 

* 

Oxybiazolc. ,T biobiazole 

Triazolc 

1 >H 

OH=N . , 

l , yrro(aa 1 b) triazolc 


Tetrazo1(j_ 

N=CH 

w* 

Py rro( abb x ) triazolc 


Tetrazolc 


The nomenclature of the external substituents in these various 
series h&s qlqo bepn rather lacking in general system. Some 
indications of thojiifferent methods adopted may be given, here: 
the simplest method is to number the atoms, beginning at the 
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m 

original ^'urfurane, thiophene, »o^ pyrrol), heterocyclic atom , 1 
proceeding in the direction of^ the nearest nitrogep ring- 
substituent- : ’ 


<» > * > 

i />< ■» 

« 4 >CHZ2CH(» ) 
Isoxasole 


(»> 
<« » 



<> 


Glyoxalint 


Frequently, however, in the case of (a)-monazoles y t}te carbon 
atoms* are designated a, /3, 7 , commencing from the original 
heterocyclic member, 


4 


f y )CH =N 
I VlH 
iff lcmrcnt a > 1 


r 

, N=CHi/*) 

1 / NH 
iff |CH=CH. * ) 


Pyraiule * ClyoxaliM 

^ | » 1 t 

whilst the intermediate methine group in ( b)-monazoles is called 
/a. In simple substitution products df the more $omplek*diai,ole * 
rings it is often sufficient merely to refer to the substituents as 
C- or N- alkyl derivatives, as the case may be. 


II. ISOXAZOLKK AND FH?AZ0Ii5S 

# 

We will discuss, in t he lirst place, the (u)-inoiioazosubstitucnts, 
which are also file most important in the whole group, and are 
derived from: * 


r > 

CH=CH 

Isaaaaole 



CH— N 

u_ > 

CH=OH 


Isothiuolb 


I ">H 

CH — CH 


Pyraiole 


Very few iMhiazole compounds are known, but isoxasoles or 
pifrazolax may respectively be formed by dehydration of the 
monoximes or monophenylhydra^oncs of j3-diketones: * - 




R.COiCHa.CO.R 1 


GHj.CO'R'^ / CH.C R’ 

~r( I 0H 




r.csnAh 


! H r CaR> 
; N.NH. 


* Vr.cjn.oh 


<bh:c. r 1 
oh 


C«H* 


IR.C:N-NH.C'H»V 


CH=C -R' 

I fi 

R. C=N 

an Rovtjle 


. fiKCC^' 

I / N*0»H$ 
R.C— N * 

a Pyracole. 
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If the ‘oximes or* phenylbwdrazones of /3-di-ketonic esters arc 
’usedj’&stdi's of the corresp<!fiding*carboxylie acid derivatives are 
produced, from which the acflis themselves r^ay be isolated : 


C«H* JOO. CH3.CO.COOE1 


OH 

CH* • C. COOEt 


C.H., 


A 

u 


CH—C^COOEi 

»- Hhenyl-r-cirbeihaxyl luiuolc 


Iaoxazole itself has not been prepared, but various alkylisoxazolcs arc 
known, and these are, as a. rule, well characterized substances. Under 
certainocircumstances, however, thejrihg-system may be rendered unstable; 
thu^i if the 7-carbon atom is uusubstituted, whilst elsewhere in the ring 
there are acidic* radicles, an open-chain ketonic cyaffide may readily be 
formed : * , 


c.v. 


if i- 

Crt-CH 


rc.^.c.oH n.oh\ 

II 1 • ' 

CH-CH 


* ,« 

C,Ht. COlCHj.C N 


Aromatic lsoxazolt-s (benxisoxazo^es) are ’also known, and "have been syn- 
tlie.sizedjrom substituted o-halngen acetophenones : » 


.CO.R 


cw« 


V— 


C < R P.N.OH 


alkdb 


erfft 

V 


Compare p. 48: 


_^.CI-PCH. Cl 1 
C«H» 


alkal. • 


"■OH 


CH 

C.H. X CH 
>s O 


/» 


(ounuroncj 

Here again the stability of the five-memjWred ring is influenced by the 
nature of the aromatic gi Aup ; and accordingly the unsubstituted benz- 
isoxdzole (the parent member) 'does, not exist, but at once rearranges to 
salieylienitvile : 

y 


CH / IHrN.OH' 

:.H4 Ss n *—*■ /cChT 

■»V \ ^OH 


CjK. 


,c N 


OH 


Tlirf corresponding isothiazole and ,its alkyl derivatives have not been 
isolated, t Jmt the lirst member of its aromatic series, benzisoth iazvh\ is an oil 
formed by reducing o-nitrobenzylmercaptyin : 



5 
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- ,, 

By far tie most interesting members of tie class we are now 
studying, however, are the pyrmoles, \ hich have proved Important' 
both to organic theory and to the technical side of th/science. 
Their systematic investigation was commenced. by Knorr in 
18£3 ; the first part of his work dealt with derivatives of a re- 

ch=.n n 

duced pyrazole (pyrazaline), J H _ C £ H , of which the simplest was 


pyrazolone , 


CH=KT 


a. - 

It vvill be seen that the relationship of pyrazolone to pyrazole 
similar to. that of butyrolactone to furfurane (p. 47). 

The simplest method of formation of pyrazolone is the con¬ 
densation of hydrazine with forlliy lace tic ester in presence 1 of an 
acid-condensing agent: 

O O 


O'.CH.CHj.COOCt 

H a N.NH a 


CH.CH a .COOEi 

N.NH a 



o 


CH-CH a 

j- 


ui 

1 ! 


Substituted pyrazolones are equally readily formed by acting 
on other /3-ketonic esters with hydrazine or monoalkylhydrazines, 
and in this way Knorr prepared JV-phenyl-3-methylpyrazolone 
f v om aeetoacetic ester and phenylhydraziiu : 

CHj.C. CHaaCOOEi 

II 

N.NH.C.^i 
a ■ n 

On treating this compound with methyl iodide at 100°, a 
methyl group is attached to the second nitrogen atom, an intra¬ 
molecular •"eai rangement being presumed to take place : 


CH„C — CH, 




o 

UC#Hi 


CH,. 


c — cn* 
r co 

N.C.H, 


C 



CH,. C=CH • 

ch,. il :o 


• t f> 


The paw compound, l-phenyl-2 , 3 Hlimcthylpymsolone, is a .basic 
substance with strong antipyretic properties, and has found 
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• * 


immense, use in medicine %rftler the name of anftpyrine. Its 
'structure»has been con firm/d by # its synthesis from acetoacetic 
ester aVd symmetrical methy/phenyi-hydrazine : * 


^H.C, 


ch„nh.nh.c.h. + 


COOEi « 



Returning to phenylmethylpyrazolone, whose chemical be- 
’haviour is typical of the other pyrazolones, it may be remarked 
that that substance is,both feebly basic and acidic, in virtue 
•respectively of the tertiary ifitrogen atoms and of the group 
= dH.CO -. •The presence of the latter groi*p also lead^ to a 
number of condensation reactioiffc with aldehydes, nitrous 5cid> 
etc., similar to those undergone by othef ketones containing the* 
system* - dll CO -, aceofhpaniiKl J by other unsaturated radicles. 

Again, phenylmethylpyrazolone is easily oxidized to a deep 
blue dye-stuff very similar to indigoblue (pi/razole line ): 




C.CH, • 
+ 


£ 


'CO 


/NH, 

C»H, 'CH, 
\ y 
CO 


ch,x=n 

r t Hs.C 

V 

N=C.CH, 

CH*. Os=N 

1 1 

A u( 

c«m,|W ^ -- 


OH C .H.a « 

,co r 

„ A H 

C»H« C 88 

NH \ 


When pyrazoloiies are distilled with zinc dust, the corresponding 
pyrazoles are formed; <the pyrazoles themselves are also produced 
in the following reactioms • • 

(a) Condensation of mono-hydra?|mos or mono-alkylhydrazones of /3-dike- 

toncs (i?pt 17, 65). * 

( b ) CondensatiBn of hydrazines with epirhlorohydrin 5>y nfeans of zinc 
ehJojide, oxidation taking place at the same time ; 


CH*~CH-CH a g| 

_ o NH,NHR 


-2H 


H—CH 

l 


V,R 


(c) The action ot heat on pyrcnole carboxylic acids. 
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The latter compounds are formed by condensation of /3-ketonic 
ester hydrazones, and also by the combination of* djazome- 
thane or diazoacetjc ester with urfsaturated dicarboxyVc esters 
(p. 23). , " , . 

Pyrazole itself is a weak base, melting at 70®/ 14 forms certain 
metallic derivatives (n consequence of the presence of an imino 
group surrounded by unsaturated (negative) radicles : 


i «> chttch(*) 

| 'nh(« » 

«i> CHj=N'<a> * 


* 


Sftractly speaking, however, this structural formifia for pyrazole 
t £ails (in n\ufh the same way as the ordinary benzene formula) to 
express all the known facts. For it is obvious that* the carbon 
atoms are in relatively different positions with respect to the 
atoms -N - and -NH-, whilst it has been found in practice 
that 3- and 5-* substituted pyYazoles are identical. Thus Knorr 
synthesized \phenyl-3-rnethyl and \phenyl-b-methyl-pyrazflles as 
follows :— , 


1 -Thenyl-%-mrthyipi/raiole, m.p. 37°, by ‘reduction of phenylmethylpyra- 
zolone (p. 66). 

1- Phenyl-5-wethylpyra-ob, b.p. 255',. from oxymethyleneacetone and 
phenylhydrazine : 

»’ c r 


OrCM.CHgCO.CHj 
H,N. NH.C.H, 


CH.CHa.CO.CH, 
N. NH. C.H, 


CH“CH 

11 u 

N d.CH, 
N»C*H| 


The N-phanyf group was then‘split oft' by oxidation, and in 
each case the same methylpyrazole j/as obtained. Consequently it 
is supposed that the grouping ==N'-NH- exhibits tautonlerism, 
the hydrogen oscillating between the t\Yo nitrogen*atoms. 

Other alkyl pyrazoles of this kind have been prepared .from 
hydraine and various /3-diketonhs, whilst N-alkyl pyrazoles have 
been obtained, either by 1 means of the action of alkyl*iodides 
upon pyrazole silver (the analogue f>f potassium pyrrol) or by 
condehting /3-diketones with alkyl-hydrazines. •Pyrazoles con be 
halogenated, nitrated, or sulphonated as readily as benzene, and 
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• • • 

the substituted products undergo the same general reactions as 
the corresponding aromatic aerivafcives. 9 

On reduction with sodium in alcohol, uymzolines (dihydro. 
pyrazoles) ar# formed; these rca3ily reoxidize to pyjazoles, or 
may further reduced to tetrahydropyrroles or pymMidines , 
which are still more susceptible to oxidation. These respective 
stages correspond to the pyrrols, pyrrolines, aud pyrrolidines 
(p. 53). 

The keto-derivatives of the pyrazolidines are obtained when 
,o-brorqoaliplmtic acids^feact wijth hydrazine: 

dh,-CHBF—CH,COOH CHi.Clf—CH. 

I— i I 

H^N.NH, • # NM io •• 

S ‘NH 


These pyrazolidones readily oxidize to pyrazolones. Conse¬ 
quently we may tabulate the reduction-products qf pyrazole as 
follows :— , • 





The condensed arotnatic-pyjlizole derivatives (benzopyrazoku or 
indazole#, corresponding to the pidols in the pyrrol scries) are 
not so important as the pyrazoles themselves. • They* may be 
obtained as follows:— 


(a) 15 f heating o-hydrazinocyuiamic acids 


CMiCH-dOOH HNO>j ^HrfH.COOH leJuied ^CfCH.COOH 


cjiC. 

».Ami4ocifliMf»fc <cid 


C^H. 

^NSN Cl 

►Diazocmnanm. Kid 


c/hI 


£»« C.H.J 

\NH.NH t *» 


CH 

c.H.|bn 


iMfjdruimxmnantic jck 


fritti/id* 



C (, ( 
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t 




(It will be reraembeml (p. 57) tjout o - annnophenylacetic acid, 

COOH- / CH, 

c«R« , oiilvf.jcxiats as its internal ammonium salt, cfa. \ 

r r* * 

(oxindol)’; in the presen), case, however, the reaction involves the loss of a 
molecule of acetic acid, rather than the formation of the unstable seven - 
meinbeml ring which cyclic ammonium salt-formation requires.) 


(&) reduction of o-nitrobeiizylanilinc 


CH*NH C«H» ^CHfNH.C, 



^NOi 

„(c) From o-/liazotolucne derivatives: 


• H, \, 


CH 

N 


CH 


^ v N:N.NH.C,H4.CH- 

Ouzoami^o^-toluene 




If, however, o-mninoketoximes are digested with acetic: anhydride, we also 
get indazole dematives, but different from those above in that the nitrogen 
atom adjacent to the beu/ene nucleus must no\y be subs^ : tilted : 


cJh. 


,c c/» »:n.oh 
nh. 


laitlic »nh>.1rnlt) 


C.H.^N 

n n.co.ch. 


\ 


Similarly, a phenylitulawfe isomeric witli that produced above by reducing 
o-nitrobenzy 1 aniline is formed by condensing salicylaldehyde phcnylhydra- 
zone :— 


,ch=n.nh.c»h. 


c;h. 


OH 


«. CH 

v 

c,H4 n h 
N. C.K, 


Conse^ijantly these latter compounds, raisterme^ “ isindazoles” 


CH 


possess the real benzopjirazolc • structure, c.hC'Jn , whilst the 


so-called iwh tales must be formulated as above: c.hj\h . Both 
€» i5r 


classes of substances are feeble bases, usually crystalline. 
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III. Ox4zoL.ES, Thiazole , and Imidazoles (Glyox alines) 


Of the three series of (b)-moiia^oles, 

* v= c !? 

I fi I 's* • 

CK=CH CH—ch 

Diiaiole, 


N=TCH • 

I 

CH=CH » 


the last are the most important, and we may briefly de-^1 with 
the first two at the same time, since their general synthetic 
methods of production # are parallel: 


*• • 

(1) From w-clfioroacetones and amides or thioaniidcw 


NH t .CiR'>;0 N“CiR' •NH a .C4R’»5S •« N=C ; »' 

• *“■*’ I • J° _ * _ 1 — 

R.CO 0 <m r Cl R •—CH R.CO-CH, Cl R.C==CH 

* An ovazolc ^ • a ihiaioU 

Oxazoles are also formed hy condensing benzoin with acid nitriles in pre¬ 
sence of strong sulphuric 4cid, whilst tliiazoles result from the decomposition 
of/u-antinothi£zole (which may be produced from thiourea*is above): 


NH . C.(NH): S 

* 3 


R.CO CH, C» 


vl 




HNO« 


* N S 

:ch 


w- 

,1 


:c^nci) 




N— C<R' 

I > 


R\OH 


The corresponding Sea^-tler Natives are readily prepared by 
hhating o-aminopheribls or o-aminotliiophcnols with carboxylic 


acids: 

OH HO, 


c;h 


NM 


v • I • SH HQ * 

>cr ~ • c -V" ! c -c y* 


*0 ** 


* uciito\*«iur 


I 


» bcn/othuzole 


All *these substances are feebly basic, crystalline compounds, 
not quite so»stable as the average heterocycliy ring«compound 
(hot mineral acids, for example, bfeak them up); they give rise 
to the usual series of substituted derivatives, none of which have 
any especial interest with the exception of a few dyes derived 
from the Series in each case. 

Thus* certain aminophcnyl derivatives of benzoxazgle, when 
diazotized and coupled with naphthol, give pink or red substan- 



72 THIRD YEAR ORGANIC CHEMISTRY 
‘ « \ * •* 
tive cottorf dyes, whilst from' /^-p-aminuphenyltoluthiazole, 

s , t * 

ch,.c,6«/C.c.h j.m (obtained commercially as “ dekijdrothiolol/Udinc ” 
v < 

by heating thio-yi-toluidine * with sulphur), the* important yellow 
dyes thiqflavin and pv.nulin, a»3 manufactured as follows:— 


Thioflavin 

r- 



by exhaustive mcthylution. 


Primulin, ch, c.nf^p. c.h^c.c.h* nh ,, by beating with excess of 

thio-p-toluidine anjl sulphur. * 

Gbyoxaline was discovered by Debus in 1858, and received 
ft’s name ffom its piodueuon from ammonia and glyoxal. Much 
later, general methods of synthesis viere derived* and & *more 
definite knowledge of the nature of the compound and its allied 
derivatives was obtained. Tfee chief synthetic methods for the 
preparation of glyoxalines or imidazoles are: •- 


(a) Condensation of a-diketones and aldehydes with ammonia: 


NH, HCO-R* 
NH. 

ft. CO—COR’ 


r"' 

N==/ SWf 


ft 



(I 


. ; 1 

(by The action of heat on ‘ ‘ hydrobenzaimdes,", formed by, the action k of 
ammonia on aromatic aldehydes: 

NH CHO. C.H. , N—CH.C.H, *>*■» NH—CH.C.H* 

a nh, »—► « y 1 ;mh 

C,H»jOHO CHO.C.H, * CiHs. ch-cJh. C#H» ‘ C«H». C_—C. C#H» 

U Hydrobennl.iidr ' * Tnaiyld.tiyd.oglyottlin* 


\ “ N=C«C.H. 

' ^ | * ■ >H 

( C.H,. C=C<C.H, 

* 4 Triaiyljflycijfilmc 

• 

The glyoxalines are welj-defined bases, but the imino-group is 
stilj sufficiently acidic to yield a silver salt, and to form iVTalkyl- 
glyoxalines with alkyl iodides. * These !v r -alkylglyoxalines readily 

t 

* Diam&oditolyl sulphide (NH a (CH 3 ).0eH 3 )2 8, formed by heating p-tolui- 
dine and sulphur with lead c :ide. 
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• ' ♦ • * * 


add on another molecule of lalftyl iodide to the secorfd nitrogen 
atom, and* the product is completely broken down by alkalies 
into a Liixture of primary atnines, formaldehyde, etc. On the 
other hand, tjjie iV-alkyl glyoxaliAes are isdmerized to /x-alkyl 
derivatives by edt: * * 


^N.CH, 

OH=CH 





R.NirrCH 

f 

CH=CH 


N=C- V CH, 

1 > 

•KS=CH 


ilkalict 


R*NH, + CHi.NHt.eic 


the glyoxalines, unlike pyrazole, cannot De educed to hydro¬ 
derivatives, but the latter compounds may be prepared in olfter 
ways, notably by heating, diacylethylhnodiamines (usually a* 
mixture of ethylenediamirfte hydsoohloride, and the sodium salt 
of an acid is heated instead of isolating the diacylcompound); 
thus: „ 

# CH,. NH..HCI VlaOOCCH, CH,-N 

i -f • = I \ CH, + t NmCl + CH,.COOH + 

CH, . NHt HC| N*OOC*CH» C«,-NH 


This particular compound, ^-methylglyoxalidine or bjsuline is 
frequently prescribed for gout. • 

Benzoglyoxalines are foriyd in, very similar fashion to the 
simple imidazole compounds from acylpheuylenediamines*as 
"hown below. « • 


_JVH.CO.R 

C.H. 

^NOt 

*.\itro*cylinilinf 


reduce 

t 


- ^NH.CO.R 

C,H. 

Monoirylphfnylenediamine 




NH 

CtH.^C.R 

\ 47 

# N 

p.-Alky|bcn/oglyo\attnr 


joint 


NH ( 




+ R.CHO . 


t, 

JT.CHA 
CiH, „ 
'NH* 


gentle oxidation 


NH, 


LiT**) 

y^N:CKR J t 


cJn^CR 

. * 

iirAlkylbeneoglyoMline 

N . 

C.H.^CR 

v n:ch,4i 


These tiompopftds are less basic and more acidic than the 
alkyl glyoxalines, and are frequently soluble in cold aqueous 
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alkalies; l>y oxidation with potassium permanganate they yield 
(jlyoxaline dicarborylic adds :—« ^ 


C«H«R 


It 

COOHC—N v 

ii 

COOHC— ® 


A somewhat important alkaloid, pilocarpine , which occurs in 
Jaborandi leaves, and is a poison similar to nicotine in physio¬ 
logical effect, is a glyoxaline derivative, although formerly it was 
held to be a pyridine betaine of the structure ; # 



CH* 



O 

% 


Pinner and Jowett showed, however, that it formed a 
raethiodide which, by the action of alki^lies, gave a mixture of 
aliphatic amides; moreover, when pilocarpine is ^distilled with' 
lime, an alkyl glyoxaline is produced. On the bther fiand, jt 
was found to give the characteristic^pactions^of a lactone, and 
upon oxidation with potassium permangap*'l€*gave a paraconic acid 


-C-C-p. COOH 0 J. COOH. ^-0-0- \ 

CO— o / 1 


(which must contain the systems # 

• * « • * 

CHj.COOH 

whilst potash fusion yielded ethyk-ricarballylicacid, c« cooh . 

• c»h». Ah. cooh 

« 

« | t 

Summarizing all these facts, and remembering its dual nature of 
lactone and glyoxaline derivative^ pilocarpine appears to be: 

N—CH \;H a CO • 

II II I I 

CH «. CH,CH—CM.C*H* 

'VcH, * 


# It is important to remembof that uric acid and the purines are 
also gly jxaline derivatives, but as» these al3b partake of the 
nature* of pyrimidines, they will be discussed after, the latter 
compounds have been described. 
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IY. Fuito- jCnd 'Bhio-Diazoles 

i 

Having no^ completed the description of $10 more important 
mona^ole derivatives, in which one methine (= CH - f group of 
the furfurane, thiophene, or pyrrol* riflg is*replaccd by nitrogen 
(= N - ), we must proceed to classify the numerous derivatives 
which, though of no great intrinsic interest, have been referred 
'to systems in which two (and, in the next sections, three and 
four) of the - CH - grpujps are replaced by ~ N -. We have 
thus consider four possible isomeric series of diazoles: 


1 % 

2 

. » * 

4 « 

CH—N 

*Furo (u.) diuolP 

CH=N 

I > 

N=rpH 

r«ro (lb,) duuoie 

* 

CH—CH 

I uro(ab) du«.ole 

r 0H » 

n=tch 

Furo (bbij duzole, 

CH=N V 

1 > 

CH= N • 

f hio (Mi) diazKe 

CH=N 

r > , 

N —CH 

*Thio (ab,) du’ole 

T=V 

CH— CH 

1 hio U'>) du/olc 

■T°S. 

# N —CH 

Thto (bli|) diaiole 


None of the parent members of this group are yet known, but 
a number of heterocyclic substances obtained by various reactions 
belong to one or other of the above four types. 


f 


h=n 


t 


or 


I > 

CH=N 


Dioximes of «-dik<!tones yield rAg*eompounds when boiled 
with alkalies which reSemhle the isoxazoles in chemical behaviour 
and have been called azoxazolt^: 


R.Csty.OH _« R.C=N % 

R.A-N.OH 


If one of the methine groups is unsubstituted a rearrangement 
to an acid nitrile readily Occurs, as with the similar isoxazoles: 



R„C=N.OH 

I 

C N 
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Only i«nc 0 -derivatives of thio(u/' 1 )dia3ok "are known; these 
are formed from o-phenylened* ; amin6s and sulphur dioxide: 


>N H. 
C.Hs + 
Sx NH» 


sdi *-*■ c.h. rs , 
"» « 


' F 


M3 

y> * i ;s 

M - OH N—CH 




These result when amidoximcs (from the addition of hyclro- 
xylamine to acid nitriles) are treated .-with carboxylic acids or 
carbon disulphide. x ' 


t * 


RCN+NH,£)H 


*|H, 


R,C=N. 

\dN=C^R’ 


(uosimetj 


»—► % OC:N.OH* 


R,C-N 

% S * N—cISH 


3. 


N=N 

I > 

cktxh 


or 


(i/osulphime»): 

n=n n 


Practically only the ie/ico compounds of this group are known ; 
these are really cyclic diazo-^xid8s^and sulphides, formed by 
dlazotizing substituted aminophcnols and fhiophenofs: s 


^OH 

RjCiHj + |HNOa 
"VNH, • » 


r.c^Tj SH + HNO * 

' S ‘NH, * 


/> 

R.C.H, \ 

* 

* A 

R-C.Hj^N 


A few simple tkip(ab)dia:.oles have also beeif prepared by the addition of 
diazoraethane or diazoace tic ester to alkylisotliiooyanates: 


R.N:C.S 


+ N cfl-COOEt 
» 


COOEt.C=C.NH.R 

I > 

• N=N 


4 . 


N-=CH 

I > 

N=CH 


or 


\ °V 

N=CH 
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Derivatives of this group have list/ been obtained from a-dik^onedioximes 
by the Beckmann rearrangement :i 

/ \ ' 

HONAC,H c PCI, / ljpC(C.H,),OH \ ^PCl» ^ N;CCC,H,)> AjNO, NT^C^C.H, 
HaMat^H* ' l | N!0(C,HrlOH/ l«C<C,H.jCl ^=.cfc.H, 

• • • 

Keto derivatives of dihydrofuro- and thio-ibbjldiazoles (oxy and thio- 
biazolinea ^ are readily formed by condensation of aromatic hydrazines, 
semicarbazides, and thiosemicarbazides with carbonyl chloride, carbon 
bisulphide, or aromatic aldehydes: * 


(«) * 

•• 

(c) * 
(«0 
W 


R-NH 

j ,-e co Ci, 

NH-CO-R 

VnH 

j + CO C|, 

NH>CO>NH, 

R'NH * 

• I + c*oci, 

NH'CS’NH, 

R*NH 

CHO-g 1 


L 


CS-NH, 


R'NH 

| +■ CS, 

NH'CS'NH, 


R.N-CO 

r > 

N~— 

i-lybiuuline) 

rn —cq 

I „*° 

N=0'NH, 

•* (uxybiarolmel 

R'N-CO 

i , s 

N=C'NH, 

, llnubu/oliruj 

R'N-CH*R' 

| S • 

N=C-NH, 

ahiubiHroliue) * 

R-N-CS 

I > 

N=ONH a 

'thiobu roll nc; 


V. Pyrrodiazo^f,s i^o-called Triazoles) 
Here again we have four different classes:— 

Uuxruiota. Trujjlei ' A ' ,B,Mtefc * 

' * N= C t. 


1 . 


CK=<V 


ruimiiK*. 

E> 


CH^c4 


i Hyrru (u) duioln i* Pyrro*»b) dia&lcs. J Pyrio <at>) diaxolrs 

CH~ :N 

I /IH 


Triazoles 

N=ch 

I >H 

N=CH 


P'fto (bb) diuolei 


The osotriazoles are produced when a*-diketonediphcnylhydrazones are 
heated with hydrochloric acid, * , 


RCSNMHJT 


*ICf 


5=N-NH.R‘ 


RteN 

I JM»’ 
1 *0=1/ 


•' 4 

and are stable oils, feebly acidic in character. 


+ RiNHa, 
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Their benAdcrivatives are formed when |f -aminoazc^benzencs are oxidized : 


-NH,, 

C^n« 

^N=N.R 


V 


c,h ‘'D nr ; 


. NH R 1 


C»H 4 


N:NR 


N 

°- n *<[> 

« HO N R' 


NR 


QH] ' n 

The four-membered Heterocyclic compound dimdhylaxiethane , I i t 


from Hydrazine and diacetyl, ft an analogue of the osotriazoles. 


2 . 


ch=n 


U> 


CHr=N <■ 

lnd 4. | // 

' nh_c,h 


ISiazoles may lie obtained by condensing hydrazine with excess of acid 
4 amides, * * » * 

« 4 

NHa.NHav *_♦ * RjC (NH^^h* 


f R-CO.NHa + 

J R.CO I 

I + I " I > 

NHrcfi 


\ 


'•CO NHa,NsrC.R R.C~N 


NHa 


NH* f*H: 


or by acting upon aldehydes or ketones with dicyanphenylhydrazine (fropi 
phenylhydrazinc and cyanogen)- 


C a Nj + CsHs- NH’NHj 


C«HvNH'N=C, 


+ R CHO 


CN 


-N—bHR - H- CN.C^=N .• 


« c«h*.nh.n*c 

Vn 


< r N S&. 

fciTrr nfa ■* 


They are very weak bases* usually well-crystallized, and the imino 
hydrogen is replaceable by tl^e ifikali metals and silver. Numerous triazole 
derivatives are known, and it appears that the sijpple triazole molecule may 
alternate between . 


CH “N 

I /!* 

NH.CH 


alul 




CH ~N 
| NH 

N=C * 




Thus triaxole itself, a white crystalline body melting at 121°, and prepared 
from formamide and hydrazine, is supposed t% be an equilibrium mixture of 
the two for ’,% On the other hand, when the iminohyorogen ft replaced by 
alkyl groups, the two isomerides appear according to thd* particular methods 
of synthesis used. 
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t • • » 

The urazoles are acidic derivati |bs 3 f dihydrotriazole or triaz&inp, and are 


cyclic hydrazjdes of uvea derivatives. 


Thus we have urazole, | 'nh , from urea or ^iuret, and guanazole, 

% nh— co * 

i % » 

n.*c—NH 

I /* H , from dicyandiamide. 
nh —csnh 


I nh 
°h=ch 


, The ^iso-derivatives of*trte azimSles are formed when o-plienylene* 
diamines are diazotized. » 



When these com{)ounds, which can he distilled undecomposed, are 
oxidized by strong permanganate solutions, yyrro{ab)diazole d{carboxylic 
acid is formed, and on applieatiop of heat this leaves pyri'o(ab)diazole or 

* azole, th| paren? member of the group, which boils at 200”. « 

* 


y N a 

NH 


COOHti 


nr 


COJH.C M 




NZZTN 

I 

CH=CH 


These compounds are also produced when diazobenzeneimide reacts with 
diethyl acetylenedicarboxylate: $ ” 


N 


COOEt 
C * COOEt 


,v=*\ 

C« H*#N^ I 
^boEt-C 7=C,COOEt 


- VI. pYRROTRJAZOLES (TeTRAZOLES) 

# ' * 

This group of substances may be formulated eitlier as 

•* 

» 

l*=CH 

or as L_ / NH , but in mlny castjys, owing to lack of data anti 

. ' • 

means of definitely synthezising one or other form, it^is not 
known to which system the tetrazoles really belong. They are, 


CH=N % 

U/* 
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» 4 

howevep, very interesting, becaus/ they irfvolve the*structural 
chemistry of nitrogen rather than a carbon, the ratio'of nitrogen 
to carbon ring ato^is being 4:1. They may be synthesized : 

* 

(a) Fror' dicyanphenylhydrazine and nitrous acid : * 4 


cn,c=mnkc.h. r 

NHa t 


HNOa 


cyz , 

1 N* CfHg * 


{b)'Z? rora nitrous acid and fclie amidines (from acid amides and hydro¬ 
chloric acid): 

2R.CO.NH 5 ,->K,COOII + R.C(NH 2 ):NH ' , 


b.c=nh 

I + -ino* 

NH, 


RCr= N.NO 


alls N 


•OH j 


reduced R«C — ■ 

* 


l=N"' 


This ring-system is almost, as stable as that of pynzole or 
triazole, and may be nitrated or sulphonated just like an aromatic 
hydrocarbon. 

Its metallic imino-salts, howe/er, are violently explosive, 
whilst certain derivatives of tetrazole still richer in nitrogen are 
amongst the most explosive substances known. 

This guanidine, by the action of nitrous acid, yields diazo- 
guanidine, which with more nitrous acid forms aminotetrazole. 
This is quite stable (m.p. 203°), but by further action of nitrous 
jj'mV] another diazocompound is produced, diazote fr azole, which 
explodes even in cold aqueous solution : 


NH 




NH a 


'NH* 


HNO a NH *f-fS 

NH=C »—► I 

TiHj hNO. N — r N 


HNO a 


N=N< 

n n=n 


Ouanidinc 


Dtazoguamdinc nitrate 


Amidotetrazolc 


Duzotctrazotc- 



CHAPTER’ Vl 


SIX-MEMBERED MONOHETEROCYCLIC RINGS: ,PY- 
RONES, CHROMONES, AND XANTHONES, AND 
. THEIR SULPH^' ANALOGUES 


I. General 


W »E # come aow to the blx-meAlered analogues of furfurane, 
thiophene, and pyrrol, which are also the monohelerocyclic 
compounds corresponding to benzene. Thus in.* the similar 
' formulas 1 * 


CH <?H 

. II 


ft. 


<£?ch 

“ II 

°V^ H V" 

IV * 


<iH^H 

I II 


s SH 

III 


* we. see that, I and IV r^presetft the well-known classes d 
benzene and pyridine compounds^ respectively. We shall return 
to the study of pyridine and its derivatives in tho next chapter; 
for the present wo ar» concerned wAb.the classes II and III. 
These, it may be said at once, do not exist as such; indeed, the 
only known members of the parent series II are the xanthenes 

’ a 

(p. 90), C#H «. . c « h « , and lit is csrtain from analogy with thio- 

« dfi, • 

* 

xanlKene (p. 97 ) that the substance is ,as here formulated, and 
not in the oxonium (II) fyrm. Similarly, a few derivatives ^f 
the simple pmthiophene series (III) 'have been prepared, but exist 

undoubtedly in the form 0 /p • 
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The most numerous and well-de/ned series are related, how¬ 
ever, to o^y derivatives of the^impb ring-systems, and are known 
as pijrones, % 


,9 "—qp 


Vjhsch 


JOH=OH 

and , | 

CH=CH 


Benzo- and dibenzo-pyrones of each series are known, and 
these include many naturally occurring products of interest: 
they are reviewed in some detail in the succeeding pages, 
together with the corresponding sulphur analogues, when these 
arc of sufficient importance. 

We need only *«idd at this point that the pyrones have been 
proved to contain oxygen in 1 'the quadrivalent state, whilst in 
the simple pyrones there is no evidence of a free carbonyl group. 
Consequently Collie has formulated the pyrones and their salts 
as (V) and (VI), and has also pointed out the analogy already 
referred to between the hypothetical reduced pyrones and 
pyridine, and, has suggested the name oxene as a* generic title 


for the parent compound 

(VII): 


4 

chI ch 

JiDL 

jiff* 

CH CH 

•V 

ft 

V 


VI 1 


VIII 


If. a-PvKONES n 


We have already met with reduced derivatives of a-pyrones 
under the heading of 5-lactones (for example, d-valcrolaciune ( letra - 

yPH,- CH, 

)po , an 

TCH a -0 


d paraswbic acid ( oL-dihydro-a-pyrme), 


hydro-a-pyrone ), 


),and now proceed to describe the simplest a-pyrones, 


c 

formed by heating their mono-carboxylic acids, which are in 
turn produced by the t mdensation of aliphatic oxyacids. The 
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best known are u-pjrone 
obtained as follows 


• i 


itself (coumalin) and dimdhyl-ct-pyrone, 

\ # ^ 

. _ <t>*h x . « 

# («0^ H a SO«) x>—cm o—OH 9 

Coumilic acid a a • •■Pyroofc 

CHaaCiOHLCHa CW.COOEt /JH^OfHa * hial 


CHajCH (OH>>COOH 



00 $ 

Malic mi 


\ | »_•> <& yfP'COOH 

COOE** HOCOHa (cone H„SO«l N °—COHa 

■ Isodchydracttic and a, i-DrnicthyU-pyronr 

Acclgacctic «wr ' 

The a-pyroqes arc fajr]y readily broken down by alkalies, 
whilst \rtth ammonia they at once yield laytams (a-pyridoucs ; 
rf. pf. 8, 105): . • 


+ NH, 


'nh-oh 


• o 

• # • I , 

The lenzo-a-pyrones are important sul)stances of the general 
structure, c.dT ~ | , much us^d in artificial perfuhicry. The 

. V-c° • 

parent compouifd, comnarin , occurs in woodruff, melilot, and the 
Tonka bean, together with its corresponding oxy-acid, o-coumaric 

•CHsGH • COOH 
^OH 

■ This acid has been synthertz&l 1 *y the Perkin reaction fron, ^ 
salicylic aldehyde, sodiuill acetate, and acetic anhydride, 

.CHO «CH,C0, # 0 * OH«CHOOOH 

C,H, + CHs.cOON. C C* ' a »-*■ O.M, j 

.* .* 4 . • 

and by diazotizing o-aminocinnaAiic acid. 

On boiling with acetic anhydiide, or by heating the acetyl 
derivative first formed in # the abyve reaction, ammarin is pro¬ 
duced, but reverts to the acid on prolonged boiling with alkalies. 

Two syntheses of coumarin derivatives are parallel to those of 
the simp^p a-pyrones : ^ 

(a) From phenol and maMc acid *in presence of concentrated 
sulphuric acitir * 

" vJ^“’"'^o6^om.(oh» 

cjC + 1 


JCMS3CH 


'''•‘OM 


OOOH 


l - -a 


HJCOOH 
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(6) From phenols and 3-ketonic esters: 

V MO&R /' 

°< + I ■— 

^OH COOEitOH 



t 


Various substituted coumarins have thus 'been prepared, and 
it has been found that the oxy-caamarins are in some cases 
identical with naturally occurring products. Thus umbelliferone , 
fotnid in laurels and certain rosins, has been synthesized from 
resorcinol and malic acid : 



Q » CHsOH 

It will be remembered that the coumarin ring, » 


4 J5H 

can be “degraded” into that of coumarone, c°.*£^bmv that is, 

the six*membered pyrone system, becomes a five-membered 
furfurane derivative (p. 48). 

hoammanns of the type are also knowD, but are 

CO^o 

~ - i 

/ 

not very important. 

III. /-Pyronelp 

The parent" members of thw group aro prepared, like the 
a-pyrones, by the action of heat on their carboxylic acids, when 
carbon dioxide is eliminated., A number of these acids occur in 
plants (notably chelidonic acid in celandine, and meconic acid in 
poppies). Chelidonic acid may be synthesized from acetone and 
diethyl oxalate, which .condense to the ester of acetojte-dioxalic 
or xanthochelidonic acid (the letter name suggested by the yellow 
colour of the salts of this acid), from which chelidonic acid 
(pyrtmc *ad-dicarboxylic acid) results by th£ action of strong 
sulphuric acid. The letter acid is broken up by boiling aqueous 
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/alkalies into acetone and oxaKc alfci^l, whilst on reduction it yields 
acetonediacetic and finally pim\Uc aqd. Ammonia changes it to 
an oxycarboxylic acid of pyridine 

• ^Hs COOEi?°® oe « 


3H. 

Jo % • • 

CH* COOEi.COOEt 


NaOEi ■ / 

— ^ 


CH,. CO.COOEt 


CHt.co.aooit 


CH, 

co +2 tcooH>, 

u 

*yCH*.CH»jCOOH 

CH»dOH^COOH 
PimelK Kid _ 



Xtnihochrlidomr ester 

u 

• 


cone | H tt SO« 


hoi alkalies 

CH=r«!OOH 

°P 9 

he.il 

m m 



CH=C.COOH 


• • 

ChjlwJonic acid 

A. 

• 

reduce J 



reduce 


c £CH„CH,.COOH 

S C>fi.CHa.COOH 

Acetone diacclic aci t 


c 6 ° M ^ _ 
NjHsacrt ^ 

r-Pyrone 

*> 

i 

vCH=CH 

> » 
CM—ofcoOl 

Cotnanic acid 

4 M 3 OOH * 

cn^jCOOH 

Chelidamic Kid 


The Structure*of meconic arid follow's from its similar conversion 
by ammonia to a pyridine derivative and its behaviour on treat¬ 
ment with hot alkalies. • , • 

An important alkyl-y-pyrone is dimetkylpyrone, which may be 
obtained from cfiacetylacetone by boiling with hydrochloric acid, 
or by similar treatment of dchydraceiic acid , which is formed 
on boiling ethylacetoacetate, and which is formulated in either 

of the two ways shown below: 

• • 

* • CH,.cO COtCH, 

CH, 1h, 

s rf£ Hcr \o 

nimellyJpjrone 


®H,.C jCCH, 
CH CH ^ 


CHjCO.CH 


COOEt-CH, 


COOEt 

AcetoKctic tiler * 


CHyCO 


Pi iicty latctonr 


* • % A 

CH,.CO*CHj.C 00 

~ II I 

CH OH. 


\;6 

Dchydraceiic arid (Collie) 


H^C 


CH 




C.CH, 


,.C.OH 

II 


COOEt 


I 


heal 


COOEt . - 

.Acetoaeetic ester 


CHj.CO.CHj 


^H-C^CQ 

i i 

9 CH^CH.CO.CHj 


wswri * 

U i 

CH CH 


Dimrlhylpyrooe. 


• DehydrKttic Kid (FeiM) 

The typical reactions of the 7 -pyrones are very interesting; as 
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usual, cold alkalies resolve, tlierfi into $-triketones, and hoO 
alkalies .break them up entirely /into acetone and'fatty acids, 
whilst ammonia replaces the oxygen by the imino-group to form 
y-pyridones (y-oxypyridine&, p. 105). They #all give deep 
coloumtfions with alcoholic ferric chloride solution, whilst the 

C 

carbonyl group in the' sithple y-pyroncs never yields oximes 
with hydroxylamine, although that in tho dibenzo-^y-pyrones 
(xanthonos) does. 

i'his behaviour finds an exact parallel in the case of thiophene, 
the sulphur atom in which cannot bo oxidized ,to a sulphone, 
whereas diphcnylei^o-o-sulphide may be transformed to cliphenyl- 
ene- 0 -sulphonc (p. 51). 

Again,,, all y-pyrones g;v& fluorescent solutions in . strong, 
sulphuric acid, a phenomenon which Hewitt has .explained by 
the presence of double symmetric tautomerism in the saltfS which 
lie assumes are formed : 


SO«H 



OH 

(i") 



SO«H 

• m s 

c\ * 

U J 

OH 


(D) 


-- On the other hand, Collie and Tickle have shown that the 
y-pyrones arc bases and yield well-defined mono-acid salts, to 
which thej r give the structure 

t 



c 


the fr©3 pyropes being either' 



or 


/k 

ch ch 



or an equilibrium mixture of both. This proof of the capacity 
of oxygen to form s. Its by virtue of its potential quadrivalent 
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condition is very iipportant*in view of other already fcnown, bub 
prcviously.unexpIaihed instances of a similar nature, notably the 
“ molecular compounds ” formed l5y ethers and acid/or metallic 

* C ’V * * 

salts;ior example, cht^ci • Such cases are thus^plained 

on the ^ supposition that oxonium compounds are formed, thus 
bringing oxygen more into line with its analogue sulphur in the 
periodic system, and also accounting for the somewhat % on- 
saturated nature of map^ oxygen compounds. 


IV. Chromones and Xantiiones (Renzo- and 

DTHENZO-y-f VliONfS) 

Sojp$ important natur*! yellpw and brown dyes arc nearly 
related to the benzo-y-pyrones; these will be enumerated in the 
next section, whilst in the present division we shall deal with 
the theoretically interesting* members of these classes. The 
# parentf substances, corresponding to y-pyrone, are usually 


known as rhrmnone , 



|| , and ninth one 


"QUO • ■ 


speetively. Commencing Mth the first-mentioned compounds 
(the mmohc.nzo-y-pjimu9), we may observe that syntheses of the^ 
have been effected along two general line® -(a) by Kostanecki; 

(h) by liuhemann : , * 

• • 

(a) The condensation of#>-oxyaectophenones (from phenolethers and acetyl 
chloride by the Friodel-Crafts reaction, when a mixture of o- and p-alkoxy- 
ueetophenones are produced, the latter (which are not here required) 
preponderating): 


AKJI. 


C«H». OR + CHj.COCi 


-OR 


C.H. 

*\c 


OCH* + COOEtR' 


NaOEt, /J viw 

-i <=.<* I 

x db-OH 


v" com 1 
<9o- 


Hl 


KoJh 1 


>0—C-R 

•4 I 

CO—CH 


a-Alkylchromonc 
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(1) The cohdensutiou of phenyloxyfuruirri acids by sulphuric acid : 

COOH.CH ,» .Oi—C^JOOH H 4 S0 4 \0-CmCQOH 

PiCaHt-ON» V || »-*> Rciiu. ' || 9—•> R ' C *^ J I) 

C-COOH COOH«CH CO“CH 

‘ 0 

Chrom^nVi itself is obtained by heating the carboxylic $cid from podium 
pheuate and ehlorfumarto acid above its melting-point. All the simple 
ohroinonos are colourless solids, dissolving to yellow or brown solutions in 
strong sulphuric acid, with fluorescence. They are resolved by*alcoholic 
alkalidnto o-oxyacetophenones and formic acid. 


The corresponding chrome nr, , jj » ia.mt known, luit fully reduced 

CH a —CH , fc 

r 

4 J O* 1 ■ OHa tf # 

chroh!ane, c,h. | * results whom 7-cliloropropyl-o-aminobenzene is dia- 


t <"CH5-C H » * * 

zofcized and boiled with alkalies. . « * «. 


The most notable chromone derivatives are the u-phenyl- 
rhroHwnes or )!avows. It is the oxyderivatives of these which 
occur naturally as dyes. Flavoncs may be synthesized similarly 
to the cliromones, using aromatic instead of aliphatic esters: 


C^H« « 

"COPH, + COOEt.c.H, 


N*OEi 

Cfr. 


HI 


■‘CO.CHa-COXJ.H, 
< I 


c.^oJ 


-|.C.H* 

CH 


or “they may he prepared from oxybenzflacctophehones, when 
coloured bye-produc.*s (counnuonc derivatives) are usually 
encountered: 4 


1 

1 


rUvont 


I 


,OH 


cjfiT 

"^CaCHr:CH.C,H, 


Bfjj 


c.h; 


/> -C-C.H. 


Oxyaniuphcnonc 


I* 


JO* KOEi 

C*M« »-*. / 

^CaCH Br.<JHBr C.H, , 


i 


Co— 


Q,H.^ V = CKC.H* 
CO 

foumvone dtrujllve • 


/The jfavows are distinctly acid in character, but at ttfe same 
time they readily form oxoniufh salts; alkalies decompose them 
in two ways, forming either oxyacetophenones end benzoic .acid 
(compare the chromones above), or else salicylic a£ids and benzo- 
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phenones.. For convenient * re&rence in connexion with the 
flavone dyes described a few pag^s later, it may be qaentioned 
that substituted flavones are numbered as follows : 


• i 





,CH 

CO 


The miithonex or dihenzo-y-pyrones resemble the anthraquinones 
in many^ways*and are derivative^ of: 



Xanlfuma , which is an almost colourless body yielding yellow 
and fluorescent solutions in sulphuric acid, is formed by heating 
# salol (phenylsalicylate ): * 


>° H • 

C<H« a 


( 


CiH. »—*■ C.R. C.H, , 

^ l ""'•cooh / \iO 


ami by digesting salicyclic acid with acetic anhydride: 

• * 

jOH q-CO ' jO 

• C «M« * C.H. 'c.H, »-+- COj + C » H .f C.M. . 

^cooh >co —cm « fcb 

Similarly, salicyclic #cid yields substituted xanthones when 
boiled with substituted ^hejiolsjand acetic anhydfide: 


^OH 
C^H. + 
X!OOM 


HO 


'b.H*. 


c h \ 

C * N 
CO 


On reduction of xanthone, mntheno} is produced, a secondary 
alcohol which easily loses water and forms an oxide: 


CH<"V C-hA-H.' 

CH<OH> cTh- Clfc. 


C.H. 


C.H, 


Xanihoac 


<<OH> 
Xanthtnol 


X.atbcnyl oxide 
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V I 

By more vigorous reduction, Xanthone is aonverted to xanlhenc, 

O *- * r 

c.Hf Jc.h. , the parent substance of a number of dyes produced 

CH a , 

« . , 

by the .condensation of formaldehyde or metliylewe chloride with 
r/j-dioxy- or y/?-aminoph(ftioI§: 


CHa O 


H a SO( 


,C*H« 


piHi 


MO 


x / • 

OH HO C 


„C.Hl C.K 


OH 


Rnorcinol 


HO-C» M » y*H »*>H | 
O 

• t 


JCH 

tcC«H^p,Hj.OH 


f luqroa«i_ * 
. *■ 


CHa O 


/itH, 

bH HO' 

Dimelhy I-wanMu(ihfr»l 


•—► |W«aNC«Ha > 


PC.HJNM.J, 


1 v-^ n 

o 

Pyronint 


( ■ 

The pyronine dyes were formerly much used > both Series of 

compounds are pink fluorescent bodies, much resembling fluor¬ 
escein (p. 33) in colour and chemical structure. Indeed, a 
convenient nomenclature for these derivatives has been based 
upon their relation to tluorane and fluorescein. Thus we have : 



V. Naturally occurmno Flavones and Xantiiones 

# Many oxyderivatives of flavone and xanthone oecuV in the 
form of educosides in the vegetable kingdom, syid have been used 
as dyes for many years; their nature has, Jiowever, become 
known only recently, mainly owing to the researches of A. G. 
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Perkin, who attaclied the jJloMem from an analytical standpoint, 
and of Kostanecki, who has synthesized numerous ,gnembers of 
the group. 

It will be «ufficient to describe hi some detail the means used 
to determine the*constitution of one member of each idass, since 
all the chemical methods are based* oif the same principle. 

We will commence with quercetin , a yellow dye-stuff occurring 
in onions, oaks, and horse-chestnut buds, in the form^of a 
'glucoside qumcetrin , and the most important natural dye-stuff 
known, with the exceptipn of indigo and alizarin. 

It was found to be t>f a phenolic natur^ and on inethylation 
gave a leiramethyl derivative which could still be aeetylated, 
yielding a monoacetyltetrainethylifliercetin. This proved th?f pre¬ 
sence of fiye free hydroxyl groups, and indicated ifhat one olf 
thes# ^ras in the benzene nucleus adjacent to the carbonyl group 
of the pyrone ring, since hydroxyl in this position cannot usually 
be methylated. The .next step was to examine the products of 
fusion with caustic potash ; these were found to b§ phloroglucinol, 

»protocatechufti acid, and glycollic acid : 


G II, A -> 


* cooh and CTI iOH.GOOH. 


VT ' -O" 

OH . 

* Rcmcmbe # ring that flhere are five hydroxyl groups in ijucrcetiA, 


the following formula was then*suggested • 


OH 



oh 


This was confirmed later by a synthesis by Kostanecki, which 
proceeded from phloroglueinpl and protocatechuic aldehyde. 
The letter compound may be synthesized from catechol by 
Reimer’s reaction and th%n methylated : 

* * HO . MeO 


eg* 

^OH 

Catechol 


+■ CHCl 




»<*</ N>CHO 

ProiocatcLhuu aldehyde. 


CHO i 
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whilst the phlorogluoinol is first torfrertod tj an acetophenone 
derivative : t 

C 6 H 3 (OH) ;! -> QH,(OMe)o{OH) -> C 0 IT 2 (OMe) 2 (OH).CO.CH 3 . 

* , 

These products are then united as follows:— (i p 



OMs 




Benulacctaphcpne derivative. 



An isonitrosodihydroflavone 



The following natural oxyflavones lave thus been worked out 

firn also synthesized: , ‘ • 

Source. products of potash fusion. Position of 


Chrysin, C r ,H 10 Oj Poplar buds. 
Apigenine, 0 i 3 Hi„O» Parsley. 

Luteoline, C n H 1( ,0 Weld. 

% * 
% 

Fisctine, C li - 1 H, 0 O jt Yellow cedar. 
Morine, Ci 5 H j0 O 7 Yellow ivoad. 

* 

Quercetin, c irp H 10 O 7 Oaks, chestnuts. 


OH groups. 

Phloroglucin, benzoic 1.3. 

and acetic acids. 

^Phldrogluoin, p-oxy- 1.3.4 1 . 

acetophenone. 

Phloroglucin, proto- 1/8.3*. 4 l . 

catechu ic and acetic 
acids. * 

Resinous substances. 3.a.3 l ,4 l . 

Phloroglucin, oxalic l.S.a^M 1 
anjl /3-resorcylic 
acids. 

Phloroglucin, proto- , 1.3.a.8 1 .4 l . 
catechuic and gjy- 
collin acids. 
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The most interesting xinthone dye is euxanthone or Indian 
yellow , 0 13 H 8 0 4 , which occurs as the magnesium salt of* euxanthinic 
add. This acid, when hydrolysed with dilute mineral acids, 
gives euxanthone and d-glucuroni^ acid, CHO.[CH.OH] 4 .COOH. 
The mode of* extraction of the dye is ^somewhat (yiaint; it 
consists of feeding cows on mango leases, aijd then evaporating 
their lyine until a thick yellow precipitate of # thc magnesium 
.salt separates. This primitive process is carried on in Bengal. 

Euxanthone has been synthesized by Ullmana from 2.t5-<linitrotolueiie 
. (I). wlijph was* converted eAi»Jcessivcljt into ‘2- nitro-6 - oh loro tol uene (II) and 
2qpethoxy-6-chloro-tolueifc (III), the latter compound being next oxidized 
to 2-methoxy>6-chlorobenzoic acid (IV). This was digested with the 
potassium salt of hydroquinone mono-methyl ether and copper powdciVwhen 
KC1 was eliminated and the product finally ermdensed to a di^iethoxyxai^ 
thone (V), Which furnished 1.?. dioxyxanthone, identical with euxanthone 
(Vl) : * - - ’ '* * 



The chief xanthone dyes studied up to the present are 
enumerated below: 


• 

« 

Source. 

Number of 
(CH;,0) 
Groups. 

Position of Sub 
stituents. 

on och 3 

Euxanthone, CigllaO* 

Mango leaves 

— 

1.7 — 

Gontisine, 

* Gentian 

1 , 

1.7 * 

3 

Datiscetino, (J 10 Hi a O<j 

Datisca . 

2 

1.2 

3.4 


Thcyre remain two closely related colouring matters belonging 
to the flavone series, and occurring respectively in brazilwood 
and logwood. They are known as brazilein and lumatein , and 
their constitutions have been unravelled by W. H. Perkin, jun., 
within the last few years. We cannot adequately describe here 
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all the experimental work involved, out it mdy be said that both 
brazilein, and hsematein, C, ( ,H la O 0 , pass easily by 

reduction into colourless brazilin , C 1(i H 14 0 3 , and hematoxylin , 
^i(jHi 4 O 0 , which by methylatidn yield trimethylhraz&in and telra - 
methylhiev'alo.n/lin. t f * r 

These products lyive been* oxidized under various conditions, 
and the structure of most of the resulting oxidation-products 
has been synthetically proved. Thus trimethylbrazilin, treated, 
with potassium permanganate, gives the following four acids: 


M.0 



O.CH,<COO»\ 

/ 

cooh/ 

\ « * 
hOM. « 

COOH 

No**. 

COOH ‘ 

COOH k. 

« ^ 

/ 0M * 

COOH£H,k 

yOM. 


I 

w-Hcjnipinic acid Homo^-hemipjmc acid 



« 


From a consideration of all the oxidation products of both 
alkylized derivatives, the following structure for brazilin (i)' 
and hematoxylin have been built up^j exit of hydrogen, from 
these produces the quinonoid brazilein (II) and hannatein: 




Hfematoxylin and hmmatein are almost identical with 1 and 
II respectively,* but contain another hydroxyl ‘group in the 
benvo part of the chromone ijng, adjacent to the pyrone 

oxygen. 9 . 

* The Colour of the Flavone ancLXanthone Dyes. 

It will have been noticed that whilst the (fxyderivatives of 


the ring-system, 


C ■ " y> ^ 

tf ^cao, are usually brilliantly - coloured, the 
c=q 
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pyrones th'emselves 5re colourless, although in strong sulphuric 
acid they giVe yellow and fluorescent solutions. It will also bo 
remembered that the similar sudden appearance of colour in the 
jphthaleins (p.133) has been explained both on the basis of an 
ionic and a qubiofloid theory. It is useful, at this poijfc, there¬ 
fore, to devote a few words to the general theories o^the nature 
of colour. * 


% The oldest and most comprehensive hypothesis is really 
of a classification of the facts than an attempt to explain them. 
Ijb was first put forward *by Wj,tt in 187G, who showed that 
coloyr in organic compounds was frequently accompanied by a 
definite structure of part of the molecule. * ^ 

Thus the nitro group, - N0 2 , the azo group - N ^ N -, the % 

* 11 , C—— c —o. 

p- and *>1piinonaftt nuclei, = ^*and , are examples 


of groups which give rise to coloured compounds. §uch systems 
were termcd'-cjiromogcns. It was realized later thj.it many com¬ 
pounds, although^hromogcns, were not coloured, whilst others 
were coloured but were not dye-stuffs. 

A chromogen was then defined as a molecular system in which 
the colour potentially due to a definite group (the chromophore) 
developed by means nit % a salt-forming group (an au.ro- 
chrome). • H \ 

Thus, for example, we have : * , 


c„h 5 no. 2 

Chromogcn. 
or, Flavone. 
Chromogen. 


no 2 , OH . C s H,(0H)(N0 2 ) 

Chrorwphorc. > Auxochrome. Coloured. 

Pyrone ring. OH Oxyflavones. 

Chromophore. Auxochrome. Dyes. 


% * * 

This classification has proved very useful, decause it has 

appeared very/plainly that most .of the colour-producing groups 
contain several contiguous unsaturated 'atoms. This, taken in 
conjunction with the fact that “ colpur ” is, after all, synonymous' 
with the absorptfbn by a molecule of light of a wave-length 
which* can be appreciated by the human eye, leads to the idea 
that absolute'(as*distinct from physiological) colour (or selective 
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« ( 

absorption of light) may be cdndftioned iji some way by the 
nature of, the unsaturation in-a molecule. 

The alternative “quinonoid” theory of colour, which has 
been already mentioned (p. r 33), leads to a similar conclusion* 
for Armstrong, in extending this view from the 'aromatic to the 
aliphatic sV ; es, assumed that unsaturated atoms, if present in 
sufficient numbers, can act as “ light-absorbing centre?,” whose 
“ "o-operation ” produces colour. 


VI. Tint Derivatives of the Pyrones 


But fft’v derivatives of thio-a-pyrone or monobcnzothio- a - 
pyroue are yet known, almost the only one being the ( so-called 

9 H » 

r ■ - f>u 

/3-methylpenthiophene, chT , which has been synthesized 


from a-meth/iglutaiic acid and phosphorus sulphide, and is not 
very stable: 

CM<CHj>-COOH P/jfl 

ch( — 

CH..COOH 

>1 

The thiosantlumesy however, are a wejl-defined class, prepared 
by the action of strpng sulphuric acid' upon phenylthiosalicyclic 
acids: 


& 


ch; 


% 


"Ch=:ch 





Cm powder 


heat 


CM 


^ S^CoHjiR 

Ncooh 


C#H 


JC|H»9 

CD 


A better method has been recently devised by Smiles, who 
"imply’lieats thiosalicyclic acid and an aromatic, derivative with 
strong sulphuric acid. • ^ 

This reaction undoubtedly depends on the prir lary oxidation 
of the thiosalicyclic acid to a sulphqxylic (R.S.OH) derivative, 
which then condenses : 



h,so 4 



/S-OH 

^COOH 


C,H..r 


) 


C.M.^ yC,H,.R 
CO 
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* ' * i 

Thioxanthone is* reduced IFy alkaline reducing agents to 

A . • 

thioxanthenol , , which, like the xanthenols, readily yields 

O • 


an 


OiH* CjH* |i 

oxide, sAScho-ch^s ; further reduction, gi ve&tffiioxanthtne, 

C.M, C«H« / 


• oh a ^ 

* V;"' ’ w ^ lc ^> unlike thiophene or thioxono derivatives, gives 


A°* 


a sulphone, /c.h* , upon oxidation. 

ch, • 


* • 


The igipoftanj^ tbid|5yron>ne dyes, analogous to the fluorimes 
or pyronines, are related to thiox'anthene, and are prepared 
commercially by digesting the condensation product of formal¬ 
dehyde and dialkylamino-?n-plfcnols with sulphur add lead oxide 
in water underpressure : e 


S 0H *\ I \ ^ 

N.C«fb .^Hj.NR, -t S »-*■ ^C,H, .N R J *-H► R a NUGaHa 


C.H^NR 



CHAPTER VII 


SI X- MEMTiERED MONOHETEROCYCLIC RINGS : 
PYRI DINES, QUINOLINES, ACRIDINES, AND 
THEIR REDUCED ANALOGUES 


• I. General 

P YRIDJNE and its derivatives are probably the most im¬ 
portant of all heterocyclic compouK'’*" and this for several 
reasons. From a general pom. of view, so valuable,- drugs 

belong to this series, so many important dyes are derived from 
its benzo-derivatives (especially from the acridine group), and so 
many naturally occurring basic principles contain this ring- 
system as the basis of their generally very complex molecular 
structure, that it deserves considerable attention. On the other 
hand, from a chemical standpoint, although thiophene ‘deriva¬ 
tives show a moru striking correspondence with purely aromatic 
compounds in their physical proper^ ies, and the members of the 
furfuranc series a closer chemical resemblance to the correspond¬ 
ing benzenes in chemical behaviour, yet pyridine is, of all of the 
heterocyclic series, the most nearly related to benzene , being 
derived therefrom simply by replacing a me thine group by 
nitrogen: 


<,JW 


v * 


CH CH 

X CH=1CH 

Hcnrcne * 


N' n CH 
CH=ZCh 

If/idine 


•r 1 

And when due allowance js made for the'Aact that the 
presence of a tertiary r nitrogen atom must, by^Jts basic pro¬ 
perties, alter the fundamental character of the ring-system, it 
will appear that the pyridine series is quite* as similar to the 
purely aromatic compounds as, for example,® is the furfurane 
group. 
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In sii^ort of thil statem&t we may choose the following typical 
reactions* • • 

(a) Alkyl pyridines are oxidized by potassium permanganate to pyridine 

carboxylic acids: 9 0 

|C G H 4 N).gH„-> (C b H 4 N).COOH; (C 6 H b .CH 3 -> C u H 5 .<*)OH). 

(b) Amiuopyridines can be obtained from tie amides of .^ridine acids by 

treatment with bromine and caustic potash: / 

(C 5 H 4 N).CO.NH 2 -> (C 5 H 4 N).NH 2 
C 6 H 5 .CO.NH 2 -> C h H 5 .NH... 

. (r) Aijinopytidines, on treatment with nitrous acid and warming, give 

the corresponding oxypyriclines, just as anilines give phenols. 

Sn the other hand, other decompositions illustrate the close panglelism 
between pyridine and pyrrol: • 

{a) TPyridine is read ilv^gpl need to pipfcridiffe, just as pyrrof passes intfJ 

pyrrolidine:* • 

• * WN -> (foll^N ;^ 4 H 5 N -> C 4 H 9 N. 

(6) A^-alkylpyridinium halides can be rearranged by heat into a-alkyl- 
pyridines: • * 

C,H,.NCH,I -> C 8 H. j (CH ;; ).N.HI • 

C 4 TI 4 .NCIi :1 -> C 4 II,(CH,).XH (p. 52). 

■ 

(e) Oxypyridines behave more like lactams than phenols . although re¬ 
actions* characteristic of both* types of compound are shown by each 
oxy pyridine: • 

C 3 1I 4 (011).J' =r-± (C 4 H : ,.CO).NU. 


(U) Oxypyridines are convertible to cbloropyridines by phosphorus 
chlorides. 

The structure of pyridine was discussed by Korner in 1869; 
following the lines of ^ekule’s benzene theory, jeut forward two 
or three years earlier, he showed that pyridine could be repre¬ 
sented excellently by formula I below. Much later Bamberger 
applied the Baeyor-Armstrong “centric” representation ^ ^o f 
benzene to p^idine, resulting in formula II. Either of these 1 
formulae repr/sent the transpositions of pyridin« and its analogy 
to benzgnc. I • 

^ j»CH ' 

?hNch cU iZCH 


of 


fry fr/f 

yCH AtflNc* 
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A third formula, that of Riedel (III)* differs from Vliese in postulating a 
para- union between nitrogen and carbon; but, in addition to the fact that 
this formula does not correctly illustrate the equivalence of the hydrogen 
atoms in pyridine, it was shown l^v Kekul6 that, for example, aa^dioxy- 
pyridine resembles more closely the imide of glutaconic acid 'than the imide 
of i9-amido\dutaric acid*(as would be necessitated by Riedel’s formula). 
Consequently titwriioica of formulae rests between I and II. 


So 


It!tile! : 


CH CH 

I 

r»O.C\ C OH 

V 


CO CO 


(Clutacommidf CHXCH—CH, 
from COOH COOH 


<\ ChT'VjH 1 CHfCt- 

HoJljrfJH CP I* 
Nil. 


^C»OH 
Dio,\ pyridine 


_ , CO ,fc 


^ OMmidoglutanmidr 


fronr 


CH a^C>irCHj 

COOH I COOH ) 
NH a 


Arntdoglutanc id] 

' K 


Either the Korner or the Bamberger formula accounts perfectly 
well for the position isomerism fqund in pyridine derivatives. 
The orientation of the different substituents was worked out by 
Korner between 1869 and 1877 ; we shall ref^to the precise, 
method, based upon the structure of the three pyridine mono- 
carboxylie acids, when discussing the latter compounds.' For 
the present it wifi suffice to point out the two methods in use 
for naming pyridine substituents.,- Comparing these with bho 
•Corresponding benzene position isomericRs. * » 


I a ortho 
l 3 Mtt/4 V 
I 4 para 

N 

Pyudine Pyridine 

Jlist as the simplest alkyl benzenes (toluene, xylene, etc.) have 
i^Jeived distinctive names, so ’the methyl, dimethyl, etc., pyri- 
dines are known by the folio wing .terms (the hexahy^lro-pyridines 
are similarly designated by inserting “ -pe~ ” afifcr the first 
Sellable of the name): c * 

Pyridine, C 9 H 5 N Methylpyridmes, C S H MeN 

Pyridine Picolines * 

Piperidine Pipecolines 
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fiihicthylpyridifles, C 3 H 3 ]fte.jN* Trimethylpyridincs, C a H 2 Me ;l N 

j Lutidines - Collidines w 

(Lupetidines Copellidines 

Finally, w§ m^y illustrate the correspondence beAween the 
condensed benzene and the benzop/ridine,*eter, serial' 



Ben/ene 



0 

N 

•^idme 

9 




/\ /N 



Pheiunlhrcne 




More complicated ^stems’ are also kuowi^ such as those 

derived from the annealing of a naphthalene with a quinoline, 

or a phenanthrene with an acridine nucleus. 

The position-nomenclajure generally used in the quinolines and 

acridines is a c follows: * ** 

f 




9 

* 


m use 


I * 
Ijoquinolinc 



Acrriine 
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V '■ 


II. Pyridine ANp its Derivatives 


Pyridine and some of its simpler homologues are formed in 
the distillation of coal; a certain quantity of thele substances 
always coines over dtiring the manufacture of' coal-gas, a*hd is 
collected alorlg with ammonia in the “gas-liquor,” but the 
greater proportion remains in the coal tar, and is obtained in the 
rri&# 1] ation of the latter. Similarly, on distilling a variety of. 
nitrogenous^animal and vegetable products, members of this 
series are found in the distillate«; they kfe present,‘for example, 
in marked quantity ij bone-oil, whence they were first isolated 
by Anderson in 1846. 

, Various syntheses of pyridine and its derivatives have‘been 
effected at different times, mainly with a%ie \to illustrating its 
relationship to the aliphatic* series; ’the following halLdozen 
examples are the most interesting: 

'• r 

(«) Ou passing a mixture of acetylene and hydrogen cyaipde through a , 
red-hot tube, pi/ritlinc is formed in small amount {Ramsay) (compare the 
polymerization of acetylene alone to benzene): 


2 t'oH., + HCN —^ CjlIjN 
, (2 Colly I cjr, —> c,;ir,). 

( b ) Piperidine and its derivatives (p. 12tf) are oxidized by concentrated 

sulphuric acid at 250-300° to the corresponding pyridines (Konigs): * 

C,-,ll.iN—>-(WT +8 H. 

(c) Pyrrol potassium, when heated with aliphatic polyhalogen compounds, 

gives rise to pyridine derivatives: « 

■ * 

Cl 


CH—CH 

! >K + 

CH—CH 

CHCl, 

yZ —CH 
*-*■ CH 

''CHIT CM 

% 

ch=tch 

I n >k + 

CHZ2CH 

CH a t\ 

.CH-CH 

^ * cf > 

CH 



(d) Pyridones (p. 105) are produced by the action of amm^riia upon a- 
y^pyrones: f 




C-a.CaCH, HCI 
JO »—• 

New »CO.CHi 

DIatctyljtelonc 


ch=c.ch 3 
CO }o 
n ch=cxh, 

Durtetlijl-vpyrone 


NH, 


yPH=SC^H» 
,NH 
C.CH, 


‘%H=( 


•A-Dim^ yl-j-pyridone 
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(e) Aldehyde ammoUia compdlind# condense to 1 pyridines when heated 
alone ; for example: 


c h,<jh 

CH, OH S NH, 

\ H Jb H > 

Iih, 


HO-CH,CH, 

* \ 

OH ^NHa 

h # OH*CH, 

\ 

NH a 


• CH, 

/5=C<CH, 

CH \ +3 Nff, + 4 MO 

'• C^t-cTCH, 


(/) Pyridines are also formed by condensation of acetoacetie ester with 
aldehydes and ammonia (Haijtzsch): f 


R£HO 


pOOEi 

CH,. COCH, 

HN 

a 

CH a . COCH, 
* CO£P - 


COOEi v 

C~ -C-CH, \ 

[S.CH, • >H 


COOEt 

c=ro-cH, • 


lul 


c: 

I 

COOEt 

• • 




c— 


CH, 


COOEt 


Pyridine itself is a colourless liquid, quite soluble in water, 
with a*pecuffar pungent odour somewhat reminiscent of ammonia. 

"Its general properties may be taken as typical of those of its 
homologucs. It is a strong base, and forms well-defined salts, 
many of which are, howdVer, deliquescent. Its platinichloridc , 
mrichloride, or mercurichloride arc characteristic insoluble com- • 
pounds. Two of the reactions ofc pyridine serve as reminders of 
the presence^ its mole $lc of a tertiary nitrogen atom : it readily- 
combines with a-halogcn aliphatic acida* producing pyridine- 
betaines. 


•'■w-. 


CsH,/J + Cl.CHa-COOH 


^Cl 

CsHfcN 

>k CH, .COOH 


A 

c*h„.n Yo 
CH a 


and, similarly* it forms •quaternary halides alkyrt^? 1 v^, 
The. resulting pyridinium halides (41) show a tendency intra- 
molecularlyi to rearrange themselve^. Thus, when strongly 
heated, Imogen acid is eliminated, and alkyl pyridines (III) aje 
produced (usually substituted in the a-position), and when 
treated with silver oxide, pyridinium hydroxides (IV) are formed, 
and these suVltanoes tend to change rapidly into a-hydroxy-iV 
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alky 1-d iliy dropyridines (V), whifch Aadily oxidize to R-alkyl-a- 
pyridones ($1): r 


\hzzcA 

„ CH -CH 0 

+ R.i »-*■ CH Nf* 

XSHrXH 

A 

(hnl) 

OH— 

CJr * H1 

y. 

1 

11 y 

* 


hi t * 

£ 

***** 

• %„=*>« 

IV 

*-*■ 

OH-CH (OH) 

V JL. 

'gh—cA 

V 

•CH N 

CH=CH 

VI 


Pyridine\,is much more readily reducible than benzene, and 
passes iuto piperidine when boiled with ktfflium and hmyl alcohol. 
When it (or its hom<;logues) is heated with hydriodic acid, ali¬ 
phatic hydrocarbofls and ammqnia are produced. This reaction 
V* readily yudersfcood when the similar decomposition of amines 
by “ exhaustive metbylation ” w recollected : -«. ^ * t 

C 5 H 5 N —> C 5 H n N —> C 5 H n N,HI —>• C 5 H n .KH 2 C 5 H„.NH 3 I 

—^ C 5 H 12 + N 1 IJ. 

BCHjj.CH3.NH2 —>- R.CH 2 .CIT 2 .N<CH£,I —> ECU:CH 2 + N(CH 3 ) 3 ,HI. 

It differs also from benzene in its susceptibilityJjo substituting 
agents, for whilst the latter compounds can be readily halogenated, 
sulphonated, or nitrated, pyridine and its homologues cannot, 
except under certain special conditions regarding the nature and 
position of substituents (of a salt-forming nature), which must 
be previously present in the ' molecule. Halogep-substitut(vT~ 
^yridines are, in fact, only obtainable by special syntheses 
(compare method (c) a'oove), or from phosphorus halides and the 
pyridones. 

On the other tyand, a general similarity exists in many cases 
between the benzene and pyridine series; thus alkyl benzenes 
and alkyl pyridines are oxidized equally readily to carboxylic 
agi^ ^their respective series,, whilst ,amino-pyridines may be 
'"Tiiazotized, etc./in the usuql manner. The migration of alkyl 
groups from a pyridinium halide, £orming alkyl pyridines, is also 
paralleled in the aromatid series, since substances of\the type of 
nfethylam'b'ne are transformed ‘on healing witfy, acid w/ a high 
temperature into homologues of aniline: , ' 

„ 350° \ 

tkH3.NH.cL3.Hi —> ch 3 .c 6 h,.nh 2) hi.; 



^SlX-jyiEMBEHEp MONOHETEROQYCLIC Rlt^iS 105 

The more important bases* are enumerated in the following 
table: * * 


Pyridine, 


C!,h 6 n 


^Icthylpyridines, # . 0 B II 4 (CII 3 )N a-Picoline. 


p-Picoline. 


Etliyl Pyfldines, 


Propyl Pyridines, 


Allyl Pyridines, 


B.jf 117°. 

B.p. 130°. Oxidized by 
• KMn0 4 to, picolinic 
Will. 

B.Pjl, 1 3°, Occui’S in 
distillate from cin^ 
chonine, strychnine, 
etc., wheij^teated with 
lime. Oxidized ton we* 

9 time acul . 

B.p v 144°. Oxidize^ to 
isonicotinic acid. m 
The 5 possible isomers a 
arc known. 

Some occur in decom- 
l>osition products of 
alkaloids ; others ob¬ 
tained synthetically. 

By heating pyridinium 
etliiodide. 

From brucine, on boiling 
• with potash. 

tyi 4 (C a H,)N o-w-Pro]iyh Confine, from coniine 
f and zinc dust. 

,, a-isfl-l’ropyl. Synthetically from pyri- 

• dinium isopropiodide. •' 

(VI 4 (U 3 !f, 5 )N a-fUlyl. By heating a-picolino 

and paraldehyde. 


,, y-Picoline. 
Dimethyl Pyridines, Lutidifles. 

Triinetliyl # PyridineS, C B IT 2 (CHj.,N Colfidrties. 


t'MII,)N a and y. 

„ P 


A few words must bo given to the impoitAit avypyridines 
(pyridones ^ and pyridinemrboxylic acids . 

Tho oxypyrulines are amphoteric compounds, possessing both 
basic nitrogen ami acidic (|fhenolic^ hydroxyl groups. *’" * 

They are obtained by three geperal methods: 

(a) The interaction of ammonia with <#- or y-py rones. 

(b) By Seating «xypyridine carboxylic acids (from ammonia 
and pyrone^arboaiylic acids or their aliphatic generators). 

* p 

(c) By fuaionjof pyridine sulphonic acids with potash. 
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As already indicated, the pyridones may,*be considered accord- , 
ing to either of two formulas* 


o Pyridones. 


y- Pyfidones. 

x.. 


r >'al 


.CHZICH 

C ? XN or CH yN 1 
''CH-C.OH V CH r co« 


^CH-Ch 

<$» > 

Vu—Au 


CO 




CH=CH 'CH= C fi 


pH 


^Their reactions point to the fact that these substances behave 
sometime^ as oxypyridines and sometimes as pyridones; in other 
words, they are tautomeric. l*n the frei» state they boitiive more 
as oxypyridines than as lactams (pyridones), giving, for exa&ple, 
cluflacteristic colours to ferrie chloride solution. The nature of 
the tautflmerisra will bts gathered fron^fcjmfollowin^ reactions of 
y-pyridone (I):— • • • • 

When this is heated with methyl iodide, N-metkyl-y-pp'idone 
(II) is formed ; hut if the phenolic silver salt (III) is first pre¬ 
pared and th # cn allowed to react with methyl iodid^, there result? 
y-m&thoxypyridine (IV), identical with the subsume obtained b # y 
heating y-chloropyridinc (V) with sodium methylate. 


y CH-_CH (CH 3 I1 CH~CH 

"I) c 9 _ > *— c 6 fc tCH , 

CH—CH f CH—C'fi 


(II) 


*C.CH 
' s CHiCf* 


CT1-CH 
C^OAf > 
N CH—CH 

* » J*<CH 

^CH-CH lC H a ON.) *CH-CH 
iV) ^C> 0H,Q 'CHZC.! 


(HI) 


(IV) 


•^"The 1 chief orypyridincs arc! 

1 -Oxypyvidinc. a-Pyridoiie. « 

V 

# 

r , m 

2-Oxy pyridine. /3-Pyridone. 


C 0 II ; (OH)N. M.p.l06°. From o- 
pfroue ^coumalin) 
4 am^mmonia. 

,, # M.p.lxf*. Frompy- 

ridi\ie /8-sulphonic 
^acid 1 -and' fused 
♦potash. 
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3-Oxypyridin«. 


y-ltyridone. * 
y-Lutidone. 


2.4-Dimethyl-3* 

• oxypyridonfi. 

. • • 

1.5 -Dioxy pyridine. Glutaconimide. 


• C B Hj(OH)N M.p. 148°. From y- 
# pyrone and am¬ 

monia. 

G,H 2 (CH,) 3 M.p.225°. From de- 
(OH)N. liydracetic acid 
, and ammonia 
C a U*(OII).>N. Of theoretical in* 

* terest (compare 
# **$. 100 ). 
1.3.5-Trioxypyridine, Triketopiporidine. C’ n H y (OH):,N. Aualogne of phlor ;1 

glucinol^ 

* •« , * 

The great importance df the pyridine carboxylie acids lies in 

the fact that they are the most readily obtained # deiivatives from 
many complicated products of pyridine (such as the alkaloiffs), 
and 1 mcc arp useful for^the determination of the portion of 
substituents. • • • « 

The orientation of the three monocarboxylic acids of pyridine 
— picolinic, nicotinic, and imiicolinic acids —is therefore of funda¬ 
mental importance, and is thus derived: # 

•Quinoline (I) . nd isoquinolinc (II) each yield pyridine dicar- 
boxylic acids upon oxidation : 



'l COOH '2/ 

N ^COOHlI) 

Quinolinic acid. 


II 

« 



r 


\ 


N \/ 


COOH 

'■) 

COOH 


Cinchomeronic acid. 


These must therefore^espect^vely be the 1.2- and 2.3 -dicarbo- 
xylic acids of pyridine , and, jvhen heated, they both lose carbon 
dioxide and form wwmcarboxylic acids. 

Cinchomeronic acid (from isoquinoline) gives a mixture of 
nicotinic and isojricotinic acids, so "that these two jire eithei vLj 
m (3- or .y- acids respectively, (^uinolmic acid, however, gives 
only one acid, nicotinic ; and as this is a ||0 one of the products 
from cindipneronic acid, it necessarily follows that niwHtoicacid 
is the 2- or B- pyridine carboxylic acid. Hbcfee isonicotinic add 
is 3- or y-pyridin# carboxylic acid, and tH^emaining isomer, 
picolinic acid , m^&t be the 1- or a-acid. 
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V ; * . * 

In addition to serving in*geiferal for* the determination of 
substituent positions in corqplex pyridine "derivatives, these acids 
were also employed originally to determine the configuration of 
the simple substitution products; thus the orientation of tlyi 
picolinbs or methyjpyridines was establishedoby ihe fact that they 
can be oxidized to the ftorresponding pyridine carboxylic acids. 

The di- and jri-carbonjlic acids of pyridine have been prientated 
.jipon somewhat similar lines, but it is not necessary to consider 
these in^letail. 

These carboxylic acids are obtained, ifton, by the *follo\^jng general 
reactions: , * 


« (u) Oxidation of alkylpyridines. 

% (5) ,, ,, alkaloids dfkch as quinine, cinchonine,, bmeiue, m 

wychuino, etc. * * m 

(c) ( Monocarboxylic acids.) % l^y heating the ^H^vasboxylic Hfijs. 

They are crystalline, amphoteric compounds of fairly high melting-point, 
and, except for their feebly basic as well as acidic nature, resemble the ben¬ 
zene carboxylic acids very closely. A Characteristic test for all a-cavboxyljc^ 
acids of pyridihe is the reddish-yellow colour with ferrous sulphate. 

The following table gives the more important pyridifff acids: * 


Monocarboxylic. 


Dicarboxyl ic. 


a- or 1 - 

l’icolinic acid. 

M. p.135-136°. 

j9- or 2 - 

Nicotinic at id. 

M.p. 228-229°. From 

• 


oxidation of nico¬ 



tine ; its ifcefchjil 



•betaine isl tri¬ 


m 

gonelline (p. 40). 

7 - of 3- 

Isouicotinic acid. 

M.p.304°. Fromcin- 
chomeronic acid. 

1 . 2 - * 

Ouinoliiiic acid. # * 

M.p,190°. Fromoxi- 


• 

dation of quino¬ 
line. 

2.3- 

UiiK’lioineroiiic acid. 

M.p.26C°. From oxi¬ 
dation of cineho- 


• • 

^ nine or isoquiuo- 


• 

line. 

1.3- 

Lutidiuic acid. 

M.p. 235°. 

1.5- * * 

Dipicoliuic acid. 

M.p s 22 ^. 

2.4- 

Dinteotinic acid. 

9 M.p!3l4°. From oxi¬ 
dation of oorre- 
* sponding- luti- 



» dines. 
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Polycarboxylie. 1.2.3- 


Oxycarboxylic. 


Carbc&incHbmeronio acid. M.p.250°. Fromoxi- 
# dation of quinine 


1.3.4- 


Bcrberonic acid. 


£9 

or cinchonine. 

41.p.235°. From oxi¬ 
dation of ber- 
* • # v berine. # 

1.2.3.5- (A tetracarboxylic*acid.) M.p. 227°. 

1.2.3.4.5- (A pentacarboxylic acid.) M.p. 220°. 
l-Oxy-4- Oxynicotinic acid. ✓a i'om ammonia and 

coumaiic acid. 

3-Oxy-l- OxypicoHnic acid. From amnponia and 

• • • . eomaif!c acid. 

From ammonia and 
cbelidonic acid. 


3-Oxy-l.5- ^hclidamic acid. 


• • ill. ^jimomne/and Derivatives 

We have already seen that there are two series of benzo- 
% I\vridincs which correspond to Naphthalene just as pyridine does 
tq benzefle, namely, one in which the a-, and the otfier in which 
the fi~, methine group of the naphthalene nucleus is replaced by 
nitrogen; these series are respectively called quinoline (I) and 
isoquinoline (II). , 



* 


Both are found in the same circumstances as the simple pyridine 
bases, in bone-oil, coal-tar, and as decomposition products from 
various alkaloids* as will Ifc shown in the next chapter. >Yo 
‘ shall confine ourselves for the # momtfnt to the quinolines , or 
oL-benzopyrjdineSy returning to the discussion of the remaining 
class a little later. * 

The constitution assigned to quinoline and its derivatives, 
already discassed <Jn p. 101, rests mainly upon the variety of 
synthetic evideqpe which has gradually been collected. 
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V ; , 

Some typical quinoline synfhesfe are as c follows :-r* 

« 

<* a 

(a) By passing the vapours of allyl aniline over heated lead oxide : 



(b) From o-aminocinnamic aldehyde (or ketones) by dehydration : 


<*> 

i 


V 


O') 




» V 



(rt-0»yipMnoline or 





liaeyer used the Iasi reaction as*proof of tho structure of the quinoline 
ling-system. 

i i 

» « 

(c) From o-aminobenzaldehyde or o-aminobenzoketones by condensation 
wiLh ketones, ketonic esters, or other compounds containing the -CHo.CO- 


group: 


* 




Thus acetone and o-aminobenzaldeliyde give a-methylquinfcline, o-amino- 
aoetopheno’ e and acetoacetic ester give a dimethylquinol^ue caVboxyllc ester, 
anthranilic acid and acetaldehyde yield y-oxyquinoline, e| 3 ., etc. 
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I * . / 

(d) From aniline and i|p homolo§ues ^.y several means: 

(i) Condensation with aldehydes and ketones in presence of mineral acid, 
oxidation taking place at the same time (iFobner-Millcr): * 



+ CHO# 



CHrCO.R 1 


NCH-R 



(ii) Condensation with /8-ketonic esters ; this is posgj^lv in two ways: 

•Au anilide may be formed by heating the ester with aniline, tho conden 
sation to an oxyquinoline being then effected with strong sulujiuric acid 
(Knorr): * ,• 9 

* CQ.R 




or, by allowing thi? first condensation t?> fake place in the cold, the car- 
honyl group of the ester will be attacked in preference to the carbethoxyl; 
the action of heat on the nr satut atcd anilide derivative thus produced leads 
to the formation j)f oxyquinolines isomeric with those produced by Knorr’s 
method: * 9 


R.CO.CH 2 .COOKt + C' (i H r> NTl.. , 






C*H 


(ii$ Condensation with glycerol in fcarm sulphuric acid solution in 
presence of a weak oxidizing a^jfent, usually nitrobenzene (Skraup) ; this is 
probably the most widely applied quinoline synthesis, its mechanism being 
as indicated below: 


cu 2 (OH).cii(oii y ?cH 2 (orr) 

Glycerol. * 


C1L: CII.CIIO. 
Acrolein.* 



CH. 


NH. 


» 4 

+ CHO.CHrrCH, 



CH 



(e) Justus pyrrol may be converted to pyridiye, so indols are,ultimately 
transformed to quinolines by the^exliaustive action of alkyl iodides. 

The.main^chara«teristics of the quinoline bases are the same 
as those of the jijridinc series; they are, however, somewhat less 
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. • ' t 

/T 

basic as a rule, and also less soluble in* water. .They yield 
betaines with halo-fatty agids, and iodhlkylates* with alkyl 
iodides. With respect to substitution, they combine the 
characteristics of f both benzene and pyridine; thus the benzenoid 
part of the quinoline nucleus is as readily substituted by various 
groups as is benzene itself,' whilst the nitrogenous ring is much 
less readily attacked. The various position isomeridcs are 
designated as folTb : r s :— 



The a-, ,S- t or y-haloquinolines are best prepared from the oxy- 
derivatives by the action of phosphorus halides. It is note¬ 
worthy that the substituents in a- or y- substituted quinolines 
are abnormally "reactive. For example, quinaldine or a-methyl- 
quinoline condenses like a kptore with aldehydes or ketones in 
presence of alcoholic alkalies : 

(C a H 1 . 1 X).(;H. 1 i R.CHO (r„II u N).CII :CH.R. 

Similarly, aniline and a- or y-ehl roquinolirre react with 
elimination of hydrogen chloride : 

{C n II fi N).Cl + C (i H,. XH 2 -> (C 9 H„N).NII.C«H,. 

The following are the most interesting quinoline com¬ 
pounds :— 

Syn Ihesited from 

Quinoline C„H 7 N B.p. 239°. Methio- Aniline 

dide, m.p. 72 y fc 
Dichromate, A.p. — 

165 9 




• 

• 

* • 

* 

a - Me thylquinol ipe 

iyf a N(CIla) 

Quinaldiac, b.p. 

7 - >» 

< J^WCII,} 

Lcpidine , b.p. 257# 

Plienylquinoline 

A 

( , .,H, 1 N(C ti lI-.) 

M.p. 

• 

a-Oxyquinoline 

0*lf tl \(011) 

. • 

I'arbostyr'J , m.p. 


199° 


Synthesized from 
Aniline and par¬ 
aldehyde. 

Aniline and cinnam- 
aldch^de. 

. See below. 


7“ >’ * >» 

and^- Oxy- „ 

quinoline 

a-t’hloroquinoline t (.' H 1T (I N T (C1) # 

* 

a- • »« j > 

y~ 1 1 »* 

a-Aminoqninoline f , !l TI )! X(>ri L) 

d-Quinoline earbgxy- (\,H,;N((’GK5lf) 
lie aoid» • • 


Kjfintrhi, m.p. JO- 1 ! 


AT.].. 38°, b.p. 267'' 

]!.[>. 255 ’ 0 

M.p. 8-r • 

M.l? 114" , 

Quiaaldir arid, m.p. 
7*Gi 


u-, m-,andjt- amihu- 
phenpls. 

(.’arj^styril and 

rci 5 . 

Quinoline and SCl>. 
7 -OxyquinoIJpe. 
a-Chl'jroqninoline. 
Quinal.fine by oxi¬ 
dation. 


*) m t> * * 

('iiic/t ’jiiitiic 

arid. 

Lcpidine by oxi¬ 


m.p. 251". 

F rom 

dation. 

t 

cinchonine 

by 

4 


oxidalion 

u i tli 

$ 

• 

potassium 

per- 



manganatc 



m-, and p- ear- — 

— 


0 -, »»-,and^-amino- 

boxy lie aeid 


• 

benzoic acids. 

nd Quinoline diear- <'.,11’OOI^)., 

Acrid inir 

acid, 

— 

■* “boxylie aeid * 

ry.ji.130 . 

From 


• * 

acridine 

and 

• 


Jv.MnO, 

• 



One or two of these compounds ineiit a little fiyther attention. 
a-Or>fquinoline, carbostiirV J in addition to being obtained from a-chloro- 
qtiiuoline on boiling with water, jnny be directly synthesized by the reduction 
of o-nitroeinnamio ethyl ester, siueo it is the hu-tam (p. 29) of o-aminocin- 
ruimic acid f 



8 
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Like the pyridones, the a- and Y-oxytfliinolines'yield both O-alkyl ethers 
(from the silver salts and alkyl ipdides, and front a- or 7 -chloroquinolinos 
and sodium alkylates) and N-alkyl ethers (from the action of alkyl iodide in 
presence of aqueous a 1 kali). 

The production of acridinic acid from acridine is similar to that of> 
quinolinic' wid from qujnoliuo : a 



■ » 



} 



G COOH 

COOH 


and, just n.< the latter acid on heating lores carbon dioxide ^and forms 
nicotinic acid, so acridinic acid forms /9-qninoliirt carboxylic acid when heated 
to its point of fusion : 



< \ 

IV. ISOQUINOUNE AND TTS DeIUVATIVKS 

The .structure assigned to isoquinoline, 



is confirmed by the following syntheses:— 

(«) Of is vqnino/iuc on passing beu/ylidcne-ethylamine through red-hoc 
tubes:— , . 



* I | I 

(b) Of methyl isoqvuioliM from henaylkloneac'otoxlme upon heating with 
phosphoric anhydride (by means of the Beckmann rearrangement): ‘ 
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(<•) Of isoqpinoline from /9-naphflhoqufnone. 

(tj) Of isoqmnoline by distilling liomopjjthalimide and zinc dust:— 



The correctness of this view is further borne out by*tlie oxidizing action of 
potassium permanganate upon isoquinoline, when bo*’, phthalic and cincho- 
moronic acids are formed. 



Chemically speaking, isoquinolina (rrbp. 23°, and ^.p. 240°) # 
is exactly iimjjar in beffaviour to quinoline itself. It forms 
analogous derivatives (betafnes, afkiodides, etc.), and its substi¬ 
tution products are produced by the same methods, and react 
in precisely the same mannef as the correspondiftg quinoline 
compounds. *For example, isocarhostyril, * 



# . • 

yields N-alkyl, ethers with alkfdiodides and alkalies, or O-alkyl 
ethers , with alkyl iodidos j**l its ^silver salt, thus exhibiting the * 
usual tautomerism. • 

The following are th^ chief derivatives^— 

a Methylisoquinoline, Sec synthesis abo*e. 

ajS-Dichloroisoquinoline, (yli^NCL. From liomophthalimidc and phos¬ 
phorus clilaiide. 

a-Oxyisoquinoline, C'nHfiN’(Oil). See above. 


V. # Acridine and other Complex Benzopyridine 

Compounds 

Many ring systems can be built up from annealed benzene, 
quinoline, and isoquinoline nuclei, and quite a number have been 
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met with, either as coal-tar pr&ducfts or by synthetic, processes. 
Only twp, however, are of especial importance, namely, acridine 
(I) and phenanthridine (II). 



Acridine may be regarded either as a symmetrical benzoqiyno- 
limvor as hearing to anthracene the same relation that pyridine 
does to hfinzene. The following syntheses are typical of those 

used in the preparation of acridine derivatives:— • 

» » » * * » 

(«) Condensation of A r acyldiphenyhiinines by heating with zinc 
chloride: 


( b) Condensation pf cyclohexanones with o-aniinoaryl ketones : 


<AcH a + R'Co/^ 

Jh, NH, \/ 


CH a 

c&V*Y 


°W< 


heated PbO 


(c) Condensation of in'othylene Iodides ^f'th aromatic aniinoeom- 
pounds: • * 



to** 


(rf) Condensation of anilines with o'cliloroarylkctones by means of copper 
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Acridine is less lasic than quinoline or pyridine, and in 
.physical contrast to these is a solid? of fairly high melting-point, 
with exceedingly irritating action on the skin, and eyes. Solu- 
otions of its salts are fluorescent (bluilh-groen). It is oxidized by 
permanganate to afcridinie acid (quinoline r»|5-dicarboxy1ic acid) 
and ajSed/^-pyridinetotracarboxylic acid* It forms alkyliodid.es of 
the formula 



/x 

R I 


and these, by treatment with silver dxide, furnish* unstablo* 
ammmmmn base* t (1), which,^pontfjrwiously rearrange themselves 
to ■4 '-bases of the structure II below. 



In presence of strong mine^il acids, the -y-bases are transformed 
into salts of tl^e ammonium (of acridini am) type. 

Hantzsch studied thcsg t 4ienomena quantitatively by means of * 
electrical conductivity measurements based upon 77i.s-phenyl 
acridine methiodide , 



The ms-oryacridines or condones §re somewhat similar in their, 
tautomeric behavfour to carbostyril and the pyridones, but are 
more definitely ketonic in their general behaviour. The simplest 
member, acridme, may be produced: 
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H, m. | 

(a) From phcnylanthranilic acid and sulphuric acid : 


,Nt+C«H» 


• C#H ‘\coo tt 


NH 

CiH*^ .CbH. 

oo 


(b) As the N-methyl derivativf, from methyl acndiifiuin # iodide in*presenc 
of silver oxide and a ijiild oxidizing agent: 


CH 

C.Hb'Qc.Hb 

CH, I > 




CO 

O.Hb'Qc.H. 


A 


H, 


V ¥ 

Itf is a very stable substance, melting at 354°, and yield: 

* * , 

chloroacridine, CeH \^ c *J‘, by # the action, of # phpsphoru: 


trichloride, whilst acridine is formed when it is distilled witl 
zinc dust. ' r 

The chief acridine compounds are: * • 


Acridine. 

w.s-Methylaciidimr. 


(_V.I1,,N. M.p. 110. 

CVI„2C. M.p. 114 s . 


2.7-Dinicthylacridioe. t',-Il M "N r . 

vis- Pheny laciidinc. C )( JI ];i X. * 

Acvidonc. ' CViHfiON. * 

N- M cthylacridonc. (^ t Il ^ [0>T. 


Quinacridino. 


CH 

'c.H.f 

% 


> 


, C * H * 


M.p. 171". 

r 

M.p. 181'. 

wft I 

M.p. 3r>4’. 

M.p. ' 20 r. 

\f.p. 2 il\ 

* 


From aeetyldiphcuyl 
amine. 

From jp-toluidine mix 
methylene iodide# 

F rom-benzoyld iphfcnyl 
amine. 


From phloroglucino 
and antliranilic acu 
with zinc dust. 


The isomeride of acridine, pheiianthridine, may be regardec 
either as an* asymmetrical* benzo ^uinoline 'or as a benzo- 
isoquinoline, and as being related to phenanthrene in the' samt 
way that acridine is to anthracene. t 


It may be synthesized: * 

O) Hy pR' ing benzalaniline through red-hot tubes : 
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^ * ft / 

(6) By liesiting acybotmiinodipfeenyl^: 


C ft H 


< 


C*H* 


NH.CO-R 


^ C#H»—C*H« 

N=C R 


• • 


Phcitfinthiuhtu', 


c,h^—C.H. 

• I i 

NH-CO 


* 

, resembles acridone oloiiely, and 


is produced by mild oxidation of phenanthridine (into which it 
repasses* on distillation with zinc dust) and by synthesis from the 
monamide of diphenic acid: # 

C.M.---C,H, C.H.--CeH. ^ C.H.-C.H. » 

» *CO*NH« COOH^* KOH f«* COOH HN— 

By means of Skraup’s reaction or tife methylene iodide 
synthesis, a number of more complex acrid ifi e-like compounds 
have been obtained, of wlpch the following arc the chief, types » 


I. Ivtiphthatridinrs. 

II. Anthrapyridincx. 

III. Naphthoqu inol inn*. 

IV. A nthraquinolincs. 

V. Ph^nn nth folines. 

VI. Phen a nth raqn in of i ms. 

VII. Phmanth racridi n ex. 


Frgtn naphthyl amines and methylene iodide. 
From iV-benzoylpyridine acids. 

From naphthylamines by Skraup’s reaction. 
From mminoanthracenes by Skraup’s reaction. 
From m- and p- phenylenediaraines by Skraup’s 
reaction. 

Fiom aminoplienanthrenos by Skraup’s reaction. 
From aminophenanth rcnca and methylene 

iodide. 
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* * « 

VI. Quinoline and Acridine Dyes . 

• * 

Certain derivatives of the ring systems discussed in the three 
preceding sections' have found application as dyes, although at t 
the prea3nt day the cost of their production* inhibit^ their 
extended use. The folloring are the mosfhotable:— 

A. From quinoline: * 

(«) Quinoline yellow, formed by fusingquinaldine with phthalic anhydride# 
find sul pi located before use as a dye. 



• « ^ 

(b) Quinoline rctl, formed in a similar manner to malachite gleen by fusing 

quinaldine and is <'quinoline with Aini chloride. 

(c) Flaranilhv a bright yellow dye, from the zinc chloride condensation 
of a mixture of o- and p- aminoacetophcnoncs, 



( 

(d) Alizarin blue, alizarin green, alizarin indigo, etc., etc. 

Different sulpbonic acids and polyoxydfrivatives of the substance produced 
from aminoalizarin by the Skraup synthesis; these dyes are Easily reduced to 
'icuco-compounds, which readily re-oxylize in't'nr air:— 



(a) Acridine yellow, produced by condensation 
with m-toluylenediamine: 


of methylene dichloride 

f 


CH* CH, 

' /S OH * c, » /\ 



H*Nl, INH* H,Nt 
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(b) Chrysamline, a fin^ yellow d$e, odfurs in commerce as phosphine, anil 
js a bye-produofc in the manufacture of pjyarosaniline. It is chieily used in 
polishes, and is probably formed as follows :— 





0 

VII. WPEUIDINI^fI , KTRA*lYbliOyUINOUNE,«rfND 
, Diuydkoackidinr • 

Pyridine is very similar to pyrnol in its behaviour towards 
alkaline reducing agents;obviously *it c9m be reducec&in three* 
stages,va»d derivatives of eapli of t^e§e arc known : 


X 

x>°= 

^x 
o— 

c„ CH 

V II 

OC^CH 

L 

NH 

CH, 

CH^NjH, 

1 L 

C S^|/ CH 

CH, pn 
^NH 

CH, ^CH, t 

NH 

P>ndinc 

Dihydropyndmc 

TctrahydropyridiRfe 

Piperidine 


As may frequently be notiepd in similar series of compounds, 
it is only the extreme members which are stable find well defined. 
The dihydropyridines reoxiduse*exqpedingJy readily to pyridines, 
although the teTrahydro-compounds are more stable. The only , 
important derivatives of "the latter class, hojvevcr, are the keto- 
tetrahydropyridines ; these are, as a matter of fact, identical with 
the dioxypyridines if tlfttlatter ^xist in tlfe ketonic form. Thus 
acd-dioxypyridine (I), 1.5-diketotetrahydropyrklilie (II), and the 
imide of gjutaconic acid (III) are different names for the same 
substance: 



• .CH • 

CH S CH, 

1 1 • 

CO CO 
\ X 

NH 

CH*sCH—CH, 

* 1 1 

CO CO 

^ NH ^ 

» 



O'OH 

N' 

- 


11) 

• 

* (II) * 

• 

(IM) 


* 


The- ultirpate reduction product, piperidine, is very important. 
It occurs in nature combined with piperic acid, as pipel ine (in 
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. 

pepper), and has been prepared synthetically by the following 
methods:— * 


(a) Distillation of pentamethylene diamine hydrochloride: 

i«h-hci « /h 8 -ch, • 

efi* * t »—► NH Cl + CH, 5NH.HCI 

* V.. _ 


CHa-CH*>NH a -HCl 


CMa-CH» 


(b) The action oKhol dilute caustic potash on s-chloroamy- 
lamine a 


« 


* 



CH,r-CH*-NH a 

CHa-cdf-Cl 


^CHi-CHj 
CH, ^NH 
CH,—CH, 


* t, 

Piperi line is a strongly basic liquid* readily soluble in water, 
b.p. 105°. It reacts as 3 typical* secondary cliphattc* amine, 
yielding JV-alkyl and iV-acyl derivatives in the usual way. It is 
strange to find, however, that not only alkyl iodides, but also 
aryl halides peact with piperidine (forming JY-arylpiperidines). 

This abnormal behaviour ceases, however, as soon as substi¬ 
tuents are introduced into the piperidine ring, "Whilst ^-substi¬ 
tuted piperidines are thus obtained by methods characteristic for 
compounds containing the group - CIL - Nil - CH . 2 - ,the <7-sub- 
stituted derivatives (alkyl-, oxy-, ’carboxy-, etc., etc.) are best 
prepared by the reduction of the corresponding pyridine 
compounds by sodium and amyl alcduo 1 . 

The production of a ketopiperidinc compound by the con¬ 
densation of acetone w’th ammonia is rwYeworthy : 


CH, 


\ 

CH, 


CO 


CH,- CO-CH, 


NH. 


CHrCO 


iCHj^C^ ^CH, 

1 NH—C(CH-> 


* jCHj-CO-CH, 

<chS 3 c' 

NHj f CO < CH,) a 


(• 


r 1 

Remembering that piperidjne is converted on the one hand to 

pyridine bv mild oxidation, if is instructive fo observe that on 
the other it may be broken down into various aliphatic open-chain 
compounds as follows:— 
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(a) By exhaustive inethylation, in the 'customary manner, and according to 
the following scheme:— ’ * , 

pH *—CHa CH,-pH a 

r») CHa N mh »-*■ CHj N*CH* C Ha ' »—*- 

* W-CH, * V CHa-«4 'bHa 

• A 


^CHa—CHa fiH a -CH t ' 

CH # ^N-tCHjioH »-*■ CH, N<CHj, 
CHa-CHj XJH=CH, 


!'■) OH* * \*CH,> a 

• CH*=*CHa 


CHarCHa-NlCHj),' 

cV 

TCHse CH, 




» 


^OHrCHaW^Ha), Oh 
CHa 

‘CH=CH# 

• 


^CHssssC*!* 

CHa * (PifH-ft-IoniI 

'* ^CH=CHj 

» * 


It will be recollected that pyrrolidine miHeis a .similar change; whilst by 
interrupting the reaction at the end of stage (i), and allowing the un- 
saturated ammonium base to interaet*with hydrogen chloride, a condensation 
to a w'lhffl.purrolidine takes place. * 


((>) By oxidation with hydrogen dioxide; this reaction takes place in two 
directions : 



CHa—CO 

CHj-CHa 

CH»-&HO 


CH, NH -< 

«—C Ck% *" 

CH* . NH > 

• 

»• \ / 

CH,' CO 

V CH^-CHft 

c/ 

I 

41 

1 

O 

?N 


< ■lntanni.de 

1’ijK.iulinr 

• I 

S-AnudoialciaUU.hyil« 


(«■) By reduction with liy^nodic aejd in sealed lubes : 


CHa—CHa 
CHa ^NH 

CJH,—CHj 


^CHa—CM, % 

CHa + NH, 

N CHa—CH a 

(»-l enuncj 


The reduction products of quyioline <ind of isoquinolinc may 
bo profitably discussed together. Similarly to the corresponding 
pyridine derivatives, the dtfiydro-quinolines and -isoquinolines are , 
very unstable* bodies, readily reverting to the aromatic state; 
but it. must be remembered that just as the mono-oxypyridines 
frequently behave as ketodihydropyridines (I), so, for example, 
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carbostyril and isocarbostyril may often be ^regarded respectively 
as ketodihydroquinoline (II)‘and ketodihydroisoquiiioline (III). 



to i u > ini) 


When either quinine or isoquiuolinc is heated with sodium 
and am^i alcohol, four atoms of hydrogen are absorbed, and the 
pyridine ndoleus is fully hydrogenized,*^mt the benzenoid residue 
remains unattuckcdt . 

Tpe resulting bases, tdrahydroqvinolinc (IV) and tetrahydroiso- 
, guinolincf(V), are strongly basic liquids with penetrating smells. 
They arc both secondary aminea, and furnislf iV-njtroso-, 
iV-benzoyl-, and Y-alkyl-derivativcs m the manner characteristic 
of such substances. A glance at their respective formulas shows, 
however, that, whilst tetrahydroquinoline corresponds, for 
example, in isbmc degree to methylaniline, tctrahytfroisoquinoline" 
is more like methylbenzylamine :• - 


CH a —CH» 

t C.«f I 

'NH_£ Ha 

fIV) 


C,.H..-NH. CHj 


CH a -CH* 

6«.H„ | 

'‘CHj—NH 
(V) 

CblHj.cH,- NH-CH, 



and this anticipation proves c6rroct, for tetrahydroisoquinoline, 
like the benzylamines, is an exceedingly strong base forming a 
stable carbonate, whilst tetrahydfoquiiifclTue, although markedly 
basic, partakes # more of the nature of*ethylaniline in its chemical 
behaviour. « 


Most of the important quinoline bases aijd their substituted derivatives 
have been reduce*d to the corresponding tctrahydro-compounds, and in some 
of these, naturally, au asymmetric ca»jou atom results by this process : 


>h =ch 
c.h; I r: 
X N=CM» 


CH a -CH a 

NH-CH-R* 


* 

In a few cases (uotably letrnhydroquiaaldine, U fl H, 0 N'.CH 3 } the racemic 
compounds obtained on reduction have been resolved into their d- and U con- 
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slituents by fractional crystallization of tl^tr salts with an optically active acid 
(tartaric or /3-bvontocampborsu 1 phonic). 

iV'-methyltetrahydroquinoline finds application as a febrifuge under the 
name of kairuline. > j 

^ It may be recollected, finally, that the lactams of y-aniino-j9-phenyl propio¬ 
nic acids ^re ketotArahjfdroquinolines (or dihydrocarlipstyrils). * 


yCHj' CHa-COOH 
•*H 4 »_ 


^CH a .CH a .COOH 

3 


<) V M =-f 

* * C fc H« I 
/ „ n NH—CO 


It appears possible, by careful application of strong reducing agjnts such 
as phosphorus amkhydriodic acjjl, to obtyin hyd roqu i n ol in os hv^lrogen izod in 
both ring-systems, the linal pi4duct being dwa~hi/drotfiti noli nr, 

m :* 


CH V CM. 
CH. 


f I | ’ . > 

9 H > 


\V \ 7 a 

jCH» NH > > 


The reduction of acridine and phenanthridine (either by sodium 
and alcohol, or by tin and hydrochloric acid) only Ileads to the 
production of RtVtyd/'o-compounds, hydrogen being added to the 
*- N - CH - system :— 



These substances are colourless, lion-basic, non-fluorescent 
bodies, which re-oxidize® in presence of atmospheric oxygon, to 
the respective aromatic compounds; they also reduce animoni- 
acal silver # solution, forming the same products. As usual it is 
possible to regard the mx-oxy derivatives of the aromatic com¬ 
pounds (acridoneS and ph<*nanthridones) as keto-dcrivatives of 
the dihydro-reduction products: t 
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VIII. Some Simple Natl^iallV-OccuiIrin(x Derivatives 
• or Pyridine 

The intimate relation of pyridine, quinoline, and isoquinoline 
to the important complicated nitrogen bases occurring in many 
plants, and classided as the “alkaloids,’* has already been 
emphasized. The complex nature and molecular magnitude of 
most alkaloids makes it necessary to devote a separate chapter 
to the special method in use for the elucidation of their stric¬ 
ture; there are, howe\er, a few alkaloids which are relatively 
simple in constitution and verj closely^ allied to 'pyridine or its 
reduction product,* piperidine. In order, therefore, to preserve 
the^sequenee followed in other chapters of the part of this book 
dealing «vith heterocyqjic compounds, we will describe the most 
interesting of these simpler alkaloiflsf by way of concluding this 
section. Some of them, Indeed, hUve already'been Aidntioned 
with the betaines (chap, iii., p. 40); these include arecoline , 
arecaidine , trigonelline , and apophjfllenic acid. Three others are of 
especial interest, namely, piperine, coniine , and nicotine . c — 

Piperine, C ir H l9 0 3 N, is a white solid occurring (about 7-9 per 
cent.) in pepper. It barely shows basic properties, but is 
decomposed by hot alcoholic alkali into the salt of piperic acid, 
C 12 H 10 O 4 , and the strong base piperidine (p. 122). Cold alkali 
does not decompose it, however, mid it therefore appears to 'be, 
not the piperidine salt, but the pipepidide, of piperic add. The 
analytical and synthetic evidence of the structure of tho acidic 
and basic parts of the compound confirm this view and demon¬ 
strate the ultimate structure of the coiHfiound. 

A. (a) We have seen that piperine may he decomposed into eipiiniolecular 
proportions of piperidine and piperic acid. t 

(b) The analytical proof of the structure of piperidine, is given on p. 123. 

(c) Piperic acjtl absoibs four atomic proportions of bromine, and therefore 

may be supposed to contain two cthenoid bonds -CH = CIT- ami 
- CH —CI1 -. « 

(d) The acid is oxidise^ by cold dilute permanganate to a (mixture of 

racemic acid and piperonal: , • 


CH <OH»COOM 


I 


CH 'QHi.qoqh 


and 


CH, 


,k II 


,C H g 
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(,*) Fusion pf the acid #ith potash yields a mixture of acetic, oxalic, and 
protocatechnie acids: # % 


COOll 

! 

CH^COOir, COOH, 


and/ 


ho 


0’ 


COOH 


w * 

Bearing in mind the molecular formula, this leads to the 
following structure for piperic acid :— 



iCH=CH. CH=CH.COC 


QC/S 


This has been confirmed by synthesis as follows:— 

B. («) Pyroeatechol (I) was converted to prof oca terh *ic aldehyde (II) by 
heating with chloroform and caustic pot&sh (Reimcr's reaction) •, this was 
then treated wi^h methylene iodide and.si Ivel 1 oxide, producing the methylene * 
ethei ofi*% aldehyde, piperomtl i'ilI). ljy condensation with acetaldehyde 
in presence of dilute alkali, this yielded pipc.ronylacrolein (IV), which gave 
piperic acid (V) (by Perkin’s reaction) on heating with sodium acetate and 
acetic anhydride. * 

mm (b) The synthesis of piperidine (VI) has been given on page *122. 
m (e) The*rhioridr ot piperic acid (VII), when heated with piperidine, gave 
pipeline, identical with the natural alkaloid, which therefore possesses 
formula VIII. 



HO 

HO 



cho 


tn> 


CH “ 


COOH 


0) 


^CH,—CHj 


CH a ySH + C|.CO<CH=CH.CHiiOH 
CH*—*CHa* 0 * 


!V|1 



CHa 


^CHa-cAa 

CHa ’ ^\(<?0<CH;rrCH.CH=CH — 
S CHa“CHa « 



'CHa 


(V1U) 


PIPRR1NE 
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Coniine , G S H 17 N, is an optimally Active liquid, boiling at 167“, 
which occurs in hemlock, and imparts to that plant its character¬ 
istic heavy odour and poisonous, stupefying properties. The 
natural product is dextrovjta.tOTy, but Ladenburg synthesize^ 
both racemic, law-^.ud dextro- forms in 1886 (the first complete 
laboratory synthesis of ui alkaloid). 

The probable composition of coniine is shown by the following 
typical decomposition: 

(«) Reliction with phosphorus and hydriodic acid gives normal octane , 
C y IJ 1H , and ayunouia. 

(b) Distillation with zinc dust yields a pfi.pyf pyridine ( <( a-conyrinc ”), 
which reverts to coniine by alkaline reduction, but by further oxidation 
givc$ pieohmc arise (p. 108). The pro]>yl group is, therefore, in the 
a-position to the nitrogen atom, and, from reaction (a), is probably a 
normal propyl radicle, CTI ;i .CHo.CHo-. 'This view is confirmed by the 
synthetic production of a-propyl .pyridine, identical with a-conyrLiP. 

(r) Oxidation by hydrogen dioxide gives 8-amido-n-octyl aldehyde 

riio.t:H,.cif 1! .cii, OH(NH..).on.,.OH. 2 .(ur :5 . 

{d) “Exhaifetive mctliylation ” (eom^ire pp. 53,123) leads to the production 
ol 'conyhnr, an*unsaturatcd n-propylamylene of the structulo • 

Coniine is accordingly most probably to be formulated as 
d-a-ihpropylpiperidine. 


t v.HCH,.C. I*.CH, 

Cl . CHs 
\iH, 


Ladenburg’s synthesis confirms this view : 

{a) Wo may presuppose the synthesis of pyndinr from its elements by the 
intermediate stages of carbon disulphide, a&etic acid, acetone, glycerol, 
trimethylene bromide and cyanide, pontampthylcno diamine, and piperidine. 

(b) By methylation mid subsequently heating at 300 J , pyridine yields 
a-inethylpyridinc (I) (a-pieoline, p. 105), which, being an a-substituted 
alkylpyridinc, condenses with acctahleliyde to a-propenylpyridine (II). This 
substance on reduction at a high temperature passes into racemic coniine (III). 

(e) By fractional crystallization or the d-tartrates of (d + f)-coniine, the 
optical antipodes may be separated. u 



CH / ^j|<5H=CH-CH 1 


A 

CH, CH.CHj.CHa.CH, 

j I 1 
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Nicotine , .C l0 H 14 N 2 ,*is a liquid idkaloid, boiling at 247°, and 
bvvo - rotatory, and occurs in tobacco-leaves to the extent of 
between one and eight per cent., the better tobaccos containing 
least nicotine. It is a ditertiary basf, and is usually present in 
the tobacco-plawt ag malate or citrate. It js miscible ?h most 
proportions with water, possesses a pungent smell, and is very 
poisonoug. Although discovered in 1828, its constitution was 
not cleared up till about 1891-1895, when Pinner showed it to be 
a-'o 1 pyrulyl- N-methylpyrrolul i nc. ,/ 


c ^*n H 

L L 

'Sfc* 


CH,—CHa 


i 


V= H - 

ito. 


Confirmatory synthetic evidence for this formula was arrived 
at by \me Pictet and his Itudenfs ‘in 1904, after ten years’ 
preliminary work on the subject. 

The following are the chief decomposition reactions of nicotine : 

(tt) Tt i%a ditertiary base, and forms two isomeric non-identical mr/h iodides. 
• ( b ) Distillation with zinc-dust gives both /tyrrol and pyridine. 

(e) ltednctiou by sodium and alcohol gives laucahydronicof/nc, C, 0 lL, n N„. 

(if) Mild oxidation (silver oxide) produces a base vieolycinr, (! |0 ll m N o . 

(e) Stronger oxidation (nitric or chromic acids, nr pcnm.tigauatc) gives only 
i> ti olinir acid (pyridino-/3-c:vrhoxyl’if ucicfT’. 

* (/l Bromine water gives two dibrohto- oxidation products, one of which, 

when hydrolysed by alkali, forms mclhyfaminc and n.ealic rudd, and the other 
by similar treatment is decoTnposcd iiu*> nicotinic acid, mdhyhnninc, ami 
nut Ionic acid. 

This evidence has been applied as follows :— « 

(i) Reactions ( b ) and (c) indicate the presence of a pyridrimj system. 

(ii) Reaction (c) suggests that ilic remainder of the molecule is attached to 
thepyridim^nneleiis by means of an alLyl group in ilio /3-position. 

(iii) Reaction (/) shows that the non-pyridine' nitrogen atom must b 

united to a methyl jfroup, and (| that the substituent group^in the pyridine 

nucleus must contain the skeletons -C - and -0 - C-L’-, so that wo have : 

« * 


(C r ,H 4 N)-C- o - c - a - + - N. ctj 3 . 

• 1 

(iv) Remembering that reactiorf (b) indicates tiie presence of a pyrrol system, 
wc may combine thes£ facts as in the abpve formula for nicotine, where it 
appears .that the pyrrtl residuo is hydrogenized, a fact whicli explains the 
production of basic nicotyrinc by mild oxidation (d). 


9 
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The synthesis of nicotine was %cco mfyl is hed Ify the following scries of 
reactions:— r . . 

(a) The amide of nicotinic acid (I) was converted to (3-amino-pyridine (II) 
by Hofmann’s reaction. 

(b) The latter compound w\s distilled with nuicie acid, leading (as o? 
p. 42) tS the formation of N-fi^pyridylpyrrol (Ill); #n passing this through 
red-hot tubes it was rearranged (compare alkyl-pyrrolium halides, p. 63) 
to a-^-py r idylpyrrot (IV). 

(r) This was floated with methyl iodide, when a compound identical with 
nicotyrinc methiudidc resulted, from which nicotyrinc (V) was obtained J>y 
the actitin of potash, t.lir^i showing that substance to bo a-ft-pyridyl-N- 
m ethyl pyrrol V). * • » 

{(l) The last step in the synthesis is the Induction of the pyrrol residue 
without sirnultaneous f jilteiation of the pyridine part of the molecule.*’ This 
is ii^nossiblo by thd usual method of heating with sodium in alcohol, since 
rcductioir takes place throughout, and hexahydronicotinc is produced. If, 
however/* nicotyrinc is treated with iodine, r ‘a inonoiodonicotprinc is formed, 
which is reducible by tin and shydroehlouje acid to dihx,dronicctyit.ne (VI). 
The latter compound absorbs two atoms of bromine, and the resulting product 
is again reduced by tin and hydrochloric acid, when inactive nicotine (VII) is 
formed. Picfet, having pursued the "synthesis thus far, completed it by 
desolving the Inactive base into its d- and l- forms by moaifti of the d-tartaife. 
acid salt. • 


pH 
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CHAPTER VIII 

# 

THE ALKALOIDS 
I. General 

y • 

I T wilt be best, before describing the remaining classes of 
heterocyclic compounds, to deal at tlfis point with the 
extensive group of naturally occi^ring derivatives of pyytline, 
quinoline, pyrrol, etc., which havo»comc to be kno\tyi as th% 
“ alk^oids ”*or plant bases. • 

These substances occur m various plants, and, as a rule, the 
same alkaloid is found to occur only in closely allied plants : 
thus nicotine is found only m*Nicolumn species, pijferino only in 
*the seeds of* different varieties of pepper, and so on. The 
physiological effect of different plants or plant-juices (for example, 
the poison in hemlock, the medicinal utility of cinchona bark, or 
tho hypnotic influence of opium) has been knoyn in some cases 
lor hundreds of years, but ^hc e^uftos of these phenomena were 
notraced until towards thc*clocc of the eighteenth century, 
when Hoffmann stated that fye had obtained crystals from cinchona 
bark. A few years later, about 1810, Sequin investigated a similar 
crystalline product from ^piiim^ and, apparently during tho next 
decade or so, these discoveries received considerable attention, 
for within this period the following alkaloids were isolated in a 
more or less pure state :— 



Alkaloid. 

SnUV< r. 

Isolated hif 

1817. 

Morpfiine. 

Opium. * 

Seliinxut 

18-18. 

Strychnine. 

Nux vcyniea. 

Pelletier and ( 4 avcuton. 

1819. 

. Brucine. 

»» 

; 1 h j 1 

1819.° 

Piperine. 

Pepper. 

Oersted. 

1820. 

Quinine. 

(jmuhona <Sark. 

Pelletier and Caventou. 

1821. 

Cinchonine. 

IJ • 

’>» >5 Jl 

1827. 

<. Coniint. 

Hemlock. 

Oieseuke. 

1828. 

Nicotine. 

Tobacco. 

Posselt and Reiman. 
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The empirical formula of* most of thfcse compounds were 
worked,out, mainly by Liebig and his students, between 1825 
and 1850, together with some of their chief chemical decom¬ 
positions. Tt was thus observed that many members of the 
group $ive, by destructive distillation, pyridiw* or quinoline — 
bases which were receiving considerable attention at about this 
period (1850). Hence the alkaloids were defined as* complex 
naturally occurring pyruline bases. * 

Later®research show^l that a number of other heterocyclic 
ring-systems^entered into the * composition of many ^alkaloids, 
and therefore this definition could not. be maintained. At the 
present time, iL i§ usual to refer any cyclic nitrogenous compound 
fouiufiu future to the class of jfikaloids, so that the term embraces 
*not only* the complicated pyridine, ate., bases, bitf also bases 
such as creatine (p. 193) or cfelficine (p*«l93), and other compounds, 
such as ]>ilocarpinc (p. 74) and uric acid (p. 190). 

In this chapter, however, we shrill confiue our attention to the 
complex basip alkaloids derived from the heterocyclic systems® 
already discussed, and leave substances of the type of creatine,* 
caffeine, and uric acid to a succeeding chapter (X.). 

Structural formula; for the alkaloids now under consideration 
are of comparatively recent datq .^indeed, in a few cases these 
are still uncertain. The fh^t'To bff definitely settled were two 
of the simplest, pipeline and coniine. The structure of the latter 
was confirmed by a synthesis *by LSdcwburg in 1886, and this 
represents the first synthetical evidence on the subject. 

Greater progress has-been made. sincW about 1895 with regard 
to the ultimatc*Uructure of alkaloids, both from the synthetical 
and analytical sides; and we may .summarize the position at the 
present date (1911) as follows :— 

A1 kalends conqilc/cly synthesized* Piperinr, coniine,* nicotine, atropine, 
cocaine, meconine, narcotine.^uarceine k papaverine, and hydrastinc. • 

Alkaloids whose structure is known with, tolerable certainty : Berborine, 
quinine, cinchonine, cincliofidine, and conchinine. 8 

f Alkaloids of uncertain structure •. Morphine, codeine, thebaine; strych¬ 
nine, brucine, ‘aparteinc, aconitine. • 

It is obvious that these substances may be classified according 
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to the heterocyclic ring-systems from which they are ultimately 
derived; but inasmuch as a considerable number possess more 
than one type of ring-system in the molecule this method is of 
little use as a practical guide. We shall therefore discuss the 
few typical members which space permits according to the plant 
families to which each group (as indicated above) is peculiar, and 
for our purpose we may make a rough classification as follows:— 


Plant Families. 

Piper (Pepper). 

Conium ^ Hemlock). 
Nicotian a (Tobacco). 
Siflanum (Nightshade). 
Pa paver (Poppy). 


P>crZ.rh (Barber)). 
Cinchona. 

Slrychnos (Nux Vomica). 


(see chapter VII, pp. 12(5- 
130)« 


Alkaloids. 

Pi rmvitt .* \ 
kiuiino 
Nicotine . 

Atropine, hyofeine (cocaine). 

M^conine; narefctine, narceine^*papa- 
verine *, morphine, thelmine, code^ 
ine. * 

Hydrastine, berberine. 

Quinine, cinchonine, einchonidinc, 
eouchinino 
Strychnine, brucine. 


Wc will next indicate the different ring-systems embodied in 
these alkaloids, and here we must, distinguish between the 
presence of isolated ring-systems and those composed of fused or 
“ annealed ” nuclei (just as quinoline is made,up of a benzene 

residue “annealed to” a pywd’ifu group). 

• • 


(a) Pyridine. 

(b) pyrrol. 

(e) Quinoline. 

(d) Iso-Quinoline. 
(r) Lac!one. 


A. IsolateA King-Systems 

• • • 

Pipeline, couyne, nicotine. 
Nicotine. 

Quinine, ftnohonine. 

Papaverine, narco Anc, hydrastine. 
Pilocarpine. 




It. Annealed King-Systems 


(a) /leta ine. 

(b) ‘Pyridine. 

(c) Pyrrol. 

(d) Quinoline : , 
(<-*) Carbazole. # 

(/) ’ Phcna nthrene. 
{(/) Oxazine. [para-). 


Trigonelline, areeoline, .strychnine!? brucine. 
Trigonelline* arccolin*, atropine, cocaine, quinine, 
cinchonine. 

Atropine, cocaine. * 

Strychnine, brucine. 

Stryelinine, brutinc. 

Morphine, thebaine, codeine. 

Morphine, tliebainc, codeine. 
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Tn many cases the above heterocyclic nuclei are present in 
the reduced state ; thus the'* pyridine group is represented as 
piperidine in pipeline, coniine, atropine, and quinine, and the 
pyrrol residue is similarly present in the form of a pyrrolidine * 
ring in nicotine aisd atropine, whilst isoqtHnotine appears in 
narcotiuo as a substituted letrahydroisoquinoline. 

A few words must be added on the general physical and 
chemical characteristics of the alkaloids. 

In tlife first place, itV. "/"“•‘rally believed that the alkaloids 
are formed k« the plant tissues (usuak’y in the fruit or sup) as 
by-products in the* decomposition of still more complicated 
products of the organism, just as uric acid is secreted by 
carnivorous, and hippurje acid by herbivorous, mammalia* 

It is also supposed that what we # term alkaloids are really 
derivatives of slightly more‘sfin pic compounds, t-fie lattbr being 
the real by-products referred to in the last sentence. It is well 
known that/ for example, benzaltlehjulc cyauhydrin (mandelo- 
nitrile) is notnlepositcd as such in the almond, but reacts with** 
glucose present in the juice to form a glucosidc. In the same' 
way a very few alkaloids are found in the form of glucosides, 
but the majority appear to have condensed with other con¬ 
stituents of the*'plant juice It her of the two following 

ways t 

f 

(i) With an onjavic acid to producf an e.’d.cr. , (Atropine or piperinc.) 

(ii) With formaldehyde yielding a methyl ether. (Xarcotine, quinine, 

brucine, cocaine, etc-., etc.) \ 

- ‘ \ t 

It is significant that the only alkyl ethe.s found in alkaloids 
are as a matter of fact methyl ethers) whi st progressive stages 
of methylation may often be noticed in alkaloids wh\ck occur 
together in one plant. A few examples are :—* 


# 


Brucine (dimethoxy-stuyehnine)., 

Quinine (metlioxy-ciuchonine). s 

Codeine (methyl morpXine, and thebaiye (dimethylmorphine). 


Turning to general physical, properties, we find that, with the 
exception of a few high-boiling liquids (coniine, Nicotine, arecoline ), 
the alkaloids arc colourless crystalline solids of fairly high 
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ra el ting-point. The solid alkaloids are, as a rule, insoluble in 
Avater, and sparingly so in ether Sr cold alcohol, but dissolve 
more readily in hot alcohol or in chloroform# Most alkaloids 
show the phenomenon of optical activity; a few, however, are 
inactive (atropine,*papaverine, pipeline, bcrberine). Of the 
optically active members, the majority*are /^-rotatory, but a 
few (coftiine, narcotine, cinchonine, quinine) possess rotatory 
power in the opposite sense. 

* 

Owing to their theiapeutic.iuqjortp.ii’c, the detection of alkaloids lias 
received much attention. Qualitatively, they may be rect&nixcrl by their 
melting-point, optical rotatory power, and by various*!istinctive colour tests 
(notably with sulphuric or nitric acids). Quantitatively, they are usually 
estimated, ill the form of one or othei* of the following insolijjile^alts: 
chloroplatinates* (from chloropiitinic acid * H a T ) tCl 1 i), e/ttoroaurstes (from* 
(ii'om picric acid), ■ molybdat.es, periodates (from a 

solution of iodine in potassium iodide, KI„ limirhurdat’s reagent), or mcreur- 
uuhdcs (solution of potassium mercuric iodide, IvJfgl|, Mayer's reagent). 

9 • 

lf# The following table affords a summary of a^fetv typical 
cliaractcMstics of the alkaloids : — 



Alkaloid. Formula. M.]h B.]>. [a] D Colour with ILSOi. Per iodide. Mcrcurichloridc. 
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. THE ALKALOIDS 

* 

The following are the general features of the chemical behaviour 
cf the alkaloids; from these reactfons the general nature of a 
given alkaloid may frequently be ascertained, a$ will be gathered 

' from the specific examples cited. 

* * • 

• • * 

A . Destructive distillation (either atone, or in presence of 
zinc dust or of lime). 

Nicotine yields 'pyridine ami pyrrol. 

Quinine ,, quinoline 

•llmcine pyruli.'ies, indof, anil skatotr. 

Morphine ,, phencfnlheenc. * 


B. Hydrolytic agents (potash, 50* per cent, sulphuric acid, or 
(occasionally^ dilute hydrochloric acM*). * % . • 

* iftropin ©"yields t rapine Jhase) aifl t'ropic acid. 

Cocaine ,, eegonive, benzoic acid, and methyl alcohol. 

Nareotino ,, hydrocotarnine ( base) and opianie acid. 

• !* - 
t C. Acetylation or henzoylation (determination of the number of 

free hydroxyl groups). 


Number of {OH) groups. 

1 in atropine, ciii* h. nine, ipiinine, eodefte. 

2 in morphine. * . 

» • 


D. AdionofhydriodigacidJpip.gr. 1.8) at 130° (determination 
of the number of methoxyl groups). % 

Number of ( OCFT r ’oops, t « 

1 in cocaine, quinine, codeine. ^ 

2 in thebayie, brucine, berberine. 

• 3 in narcotine. 

4 in papaverine. 


t .» » 

E. .Aciion of concentrated hydrochloric acid (in sealed tubes at 
150°). ‘ N 

(i) Water (H 2 0) is frequently eliminated : 

Tropine, C^II^ON ->■ Tropidine, C^ltujN. 

Ecgonine, C«H ls O ;t N -> Anhydroecgonine, CglliaOaN. 

Morphine, C 17 Hj»0,N ->■ Apomorpbinc, CuIIitOgN, 
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• * 

(ii) If the dioxymcthyhne \piperonyl) group is present, it is 
usually,decomposed under these conditions:— 


A * 

R .ch,+ 2hci r + 2 hci + c (deposit of carbon). * 

• o »—► ' Vv OH 1 * 

• * • 

e 

The piperonyl* group is found in papaverine, narcotine, 
berberine, and other alkaloids. 

v« 

F. Mild oxidation (hy.lr 0 g^ dioxide, strong sulphuric acid, 

cold dilute ui<ric acid, etc.). \ * . 

(i) Loss of hydrogen may take place ; * 

% Coniine, O s lY 17 N t -> Conyrine, CaHuN. 

i NJcotine, C]Ui 4 N., « « -> T^cotyrinc, C]nIIinN s . 

Ciuclionine, C I0 H.„ON //inchoninone, cAon,, 

» t- « * * ' 

(ii) Addition of oxygon may occur : 

Nicotine. OicUnN., ^Oxy nicotine, C io U h ON 3 . 

Strychnine, C a1 1l.«0»N -> Strychnonic acid, (^JL.OuNj. 

a 

G. IIx/orovs oxidation (concentrated nitric acid, acid perman¬ 
ganate, etc.). 

In this case acids of the aromatic and pyridine scries are often 
obtained. _ ' « 


A Ikaloid. 

Nicotine -> 

< 

Cinchonine ->■ 

Papaverine -> 

Hydrastiue - - 


Aromatic acid .* 


J^ridpic acid. 

Nie § otinie # , — 

t Carbocine/'mieronie 
Cinchmncrok c — 

Quinolinic ' * 

Carbocinchomeronic Metahemipinic 
Apophyllcn'.c Opianic 


II. Tibs Solan uai or* Nightshade Alkaloids 

/*■ 4 

A number of alkaloids found in plants of certain geneya of the 
order Solanaceae, nofcfbly ip Solaium and Atropa species 
(nightshade or belladonna), form a closely related gtoup together 
with cocaine and other bases occurring in the leaves of the cocoa 
plant. All these substances are simple derivatives of a base 
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*• 

known as Jropinc, wliich has been proved to possess the 
constitution * * * 

CH a —CH— CHj 

I I * 

NM e CH«OH> 

I I * 

CH*—CH—CH» 


This compound may be regarded as derived from cyelohepta- 
mtfthylene with a “bridged-nitrogen” ring-system inserted, or, 
perhaps more simply, as a.combination of the pyrrolidine and 
piperidine nuclei:— ^ — 




* 


CHa-CHa 

I )nh 

CHa-CHa 


/iHa—CH, 
HN CH» 

C H»—CHa* 


1 


This t$pw>f anucftled hetero-ring**ystem invars in its simplest form in some 
of the hemlock alkaloids, derivatives at conit nr, which we have already seen 
is a-n-propyl piperidine. Coniine is always accompanied by a number of other 
alkaloids, the can icn tics, and it has recently been shown that certain of the 
hitter are yiperidhie-pyrrolidine or piperidiue-triinethylcnchnidb dcrivatwag*. 
Thus we have— 


CHr'CH.CHa.CHa.CHj 

•I I 

CH a NH 
CH^—CHa 



t t I.IIPC 


a-Lnnnu'iL 



S-('o.mcn c f-l nuncim 


This series illustrates liow ini#§ssiblc it is to classify the alkaloids accord- 

i ” 

ing to the chemical natur* *#f thei* heterocyclic groups, except in the 
broadest possible manner, ^ 


$ 

The tropine alkaloids may be divided into two sub-groups : 


(i) Tropriws or Propeides^of aromatic oxy-acids* , 

(ii) Derivatives of irapine carboxylic acid. \ 

(i) The tropeines, which aje in general structure conijmrable to 
aliphatic esters, include all the belladonna alkaloids, and are 
distinguished therapeutically by tlieir deadly poisonous nature 
and their fhydriatic action (dilatation of the pupil of the eye). 
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* * 

The chief of these are— 


Atropiife, 

C H 0;|N. 

Hyoscjftiinine, 

* 

% 

* ” . 

llyoscine, 

1 

J 1 

Apoatrtpinc, 

C 1T M, 1 0,N. 

Momoatropim?, ‘ 

c h s1 o,n. 


« 


Optically inactive. M.p. 115°. Occurs 
in belladonna. Tropeido of tropic 
acid. * 

/-rotatory. M.p*10{f. Occur^ in bella¬ 
donna. Tropeidc of tropic acid. 
Isomeric with the first two . % M.p. 55°. 
Occurs iu belladonna. Tropeide of 
tropic acirl. . * 

M.p. 62°. A synthetic product. Tro¬ 
peido d^atropic acid.* i 
M.p. 97’. A synthetic product. Tro¬ 
peide of niandelic acid. * 


(ft; ybo cocaine alkajoids are derivatives of tropine carboxylic 
acid, ahd are very useful local anesthetics. Thb best, known 
are— * * 


1-Ecgonine, 

1-Cocaine, 

Tropa-pocaiiic* 


CbIIhO.X. 

C 17 1I,,6 1 N. 


Trojdne caihoxylic acid. M.p. 205°. 

Benzoylcegonine methyl gstcr. M.p. 98^. 
Benzoyl-^-tropine. M.p. 49". • 


In order to obtain some idea of the structure of these 
substances, wo, will consider the following questions in some 

detail:— # • 

* ^ • 

(A) The decompositions and Synthesis of atropine. 

* * • 

* 


(11) The structure of the acids co.. 
tropeines. , * 


gained iu the most common 

\ . 


(0) The corfVersiori of tropines to cocaines. 

(A) The decompositions and sj/nthesis of tropine .—Tliis base is 
obtained when a tropeino is digested with baryta solution; in 

the case of atropine, * 

/* • 


2C l7 H ii O,N + Ba(Oll)., - 2C,U J ,ON -l- (C«,H 0 O ;1 ),Ba. *• 


Its chief reactions are— * 

% 

(a) Heated with lime, methylamine is evolved, indicating th$ presence of 
the mcthi/limino gt'onp >N.CH :{ . 
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•• 

(b) A ketone, tropmom*\n formal when tropine is oxidized by chromic 
acid. By further oxidation an acid, Iropiyic acid^ is produced, which on 
reduction at a high temperature yields n-adipic acid. 


% C h H 15 ON -> C ri H J;t ON ->■ C 8 H i; ,NO/ -> CO a H[CHJ,COOH. 

Tropine. SYopinone. Tropinic acid. w-Adipic aci<i.j» 

• % * 

Hence wo may infer the presence of (i) a secondary alcohol group 
- CH(OU) *■, and (ii) a chain of tin* type >CH.OH a - CHa- CHa - C'H*>.CH < . 

(r) Dehydrating agents convert tropine to tropidinc, which by reduction 
aud*distillation of the product with zinc dust yields a-clhylpyridine j^Laden- 
burg):— « » 

* 

C,h, 3 N »—* 


C a H l9 ON 


Tropine 


1 rnpidinr 


.CH-CH 
// \\ r 

CH * 
CHZTCCHj-CHj 

a-I ibylpym'inc 


(r/) E.yiaustivl mcthylation of tyopidine leads linally to the production of 
a very uulafu rated Tiydrocarbon, l>X>piUdenc, C;1 J,s, which forms a dibromidc. 
This dibromidc, on heating at 100", evolves UBr and produces benzyl bromide , 
C„H,,.ClI a Br (Merling). TJic formula of tropilidene might accordingly be 


X CH—CK-CH 
CH a |j or 

V CH~CH~CH 


^CHa—C”= 

°?v />» 

C H-CH 


CH a 





All these facts may be combined in two or s three possible 
formula; for tropine; the tyo most probable are those put 
’forward by Merling (1) and by Wilktiitter (II):— 


CHi 


7f 


l 

CH-CHa CH.iOf CH , 

I * I 

CH- |\| ,Ma 

(I) t 


CHj-Ch-CM, 

1 

NfAe CH<OHl 
1 —1h—CH* *, 


CH; 


(U) 


Synthetic evidence confirms the second foimula. 

;* \ 

Tlio main outlines of the synthesis^ which is dac to Willstatter, arc as 
follows:— ^ 

(ft) Synthesis of cyclohcplatrienc .—Calcium sub^rate, (1) is convorted t,o 
suberone (II), which by reduction* and dehydration gives cycloheptene (III). 
The dibromide of this (IV) is converted by, methylamino to a dimethylamino- 
cycloheptene (V), wliifii by the exhaustive methylation process is changed to 
cycloheptadiene (VI). Two atomic proportions of bromine are added to the 
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. 

latter compound, and the addition product (VII), when, distilled with 
quinoline, yields cycloheptatricn°/( VI11). 

CH,*CHiCH»-COOv CH»-CH*-CH a CHy-OH,-CH 

| ' ■%{ ,CO I CH 

CH T CHrCHi-COO' ch *-CH,-CH» CHsr-CHjrCHi 

« fi‘0 


! Hr~ CH*-CH*9r 

^CHBr 

Hj—CHj.—CH a 
(IV) 


CHi“CHj qH.NH.CHj 
! CH j » 

CH a —CHrCH 

(V) 


CHrf-CH=Cy 

I /pH J 

c H a -CHi-CH 

(VI) 


CHjCHBi»CH dk-CWCH 

I |' > 

9 CH a -CH a - CHBr CH 2 .CHrCH 

. (VII) 

• , • 

(ft) olfli erosion of ei/r/o/i* ptajp-icne tu tropidinc. — One molecular proportion 
of hydrSbtomio acid is added to cyclohepfatriene, forming‘the mquohydro- 
bromide (1); this is treated if ilk dimethylamine, when a-metnyitropidine 
(II) is produced, and on reduction passes into a-inethyl tropune (III). 

The dibroniide of this substance (IV) snlTcrs intramolecular rearrangement 
on heating, and one of the compounds (V) is formed. Hydrobromic acid is 
u-iiminated fr8m this, and tropidine methylbromide (VI) remain!}, which on 
distillation gives tropidine (VII). 


CH a -CHBr-CH 

V 

CH,-CHrCH 



NMo, 

„ jys 

CHj-CH-CH, 

CH-C 

CH a —CH—CH a 

CH 

CH a 

1 

.1 

• 1 

c ^ 

Ch “CH 

/JH a _CH—CH 
* (111) 


(IV) 


CHa-9H—CH» 


OH—ci 

L L 


1 BrrN'M*, CH» J 
<JH»—CH—-CH Br 


CHrCH-CH 

■* I I 

Br-N 1 Me. CH a 

\i 

CM, -CHB^CH 


rt ^pHsr-CH—C h 4 
. &r.N-M« a < 

L 11 

»—CH -£C 


I 


CH 

1 

CH 


CHa-CH-CH, 
NMa CH 

. I II 

CH 9 -CH—CH 


(c) <'outerstoy of tropidine to trgpinr .—Allien tropufhie is warmed with an 
acetic acid solution of hydrobromic acid, addition of JIBr to tho double bond 
in tropidino occurs, and 01 A of the substances la or lb is formed. This is 
converted to an isomer of tropine by heating with dilute sulphWio acid at 
200°. This isomeridc is known aa ^-tropiife (Ila or lib). 

By oxidation of ^-tropine the kptone tropinoue (Ilfl* or 111b) is produced; 
this is identical with the tropinone formed from ifttural tropine, and is 
characterized by forming a di-isonitroso compound and a dibenzaltro- 
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* » 

pinono by the Claison cdhdensation. It, therefore, contains the grouping 
- CH-i - CO - CJIj,-, and-so must he fonqplated as Ilia and not 111b. By 
reduction of tropinone with zinc dust and acid, tropinc itself* (IV) is 
produced. * 

% The isomerism of tropine and ^-tropine proved puzzling for a time, but it 
was eventually established that they are geometrical [cis-frans) isofnerides, 
and, as in many other cases, one isomer is more#st&ble than the other. In 
this case ^-tropine is the stable and tropiuo the labile form ; in accordance 
with the general rule that in any reaction the less stable form tends to 
sajKirate first, tropine itself therefore results by reduction of tropinone under 
the mild conditions described. In the former case, however, the temperature 
of reaction % (200^ ensures the* conversion of the product to the stable 
» -f-tropiuc. * * 


CHi-CH—CH, 

; i 

•Me CH Bp 
CHa-CH _®H» 

« * 

CH,-CH_ CHa 

■ I I 

N«Mc CHj 

I I 

-CH“CH*r 
•fib) 9 - 


CH a —CH—CHj 

■ I I 

MM# CH<OH> 
chJh-I,. 

(IlJ) 

CH a 
MMo CHj 

, I 

CH a »CH*~CH(OHj CH a —C h~*CO 


CHj“CH—CH a 

*NWe CO 

U !• 

CHj-CH—CH a 
*(IIU) 1 
CHj-CH—CHa 

I I 

MM# pH, 

I I 


CHa““CH-CHa 

NMo CHlOHJ# 

I I ^ 

CHa-CH-CH^ > 


(fib) 


(111b) 


(B) The structure of the acids in the tropeincs, atropine and apoalro- 
pine .—It has been stated that these alkaloids contain, in combina¬ 
tion with tropine, tropic and atropic acids respectively. These two 

•acids have been synthesized from acetophenone (I) as follows;— 

• * 

Acetophenone cyanhydrill (II), wlien treated with cold concentrated 
hydrochloric acid, is hydrolysed t<yl-pli\?nyllaetic or atrdlacLinic acid (III); 
if the latter is boiled with the reagent, water is eliminated and a-phenyl- 
acryhc or atropic acid (IV) .esults.* Addition of anhydrous hydrogen 
chloride to atropic acid produces /3- cli 1 or o - a - ph en y 1 p ro pioiqc acid (V), whicli 
passes into tropic acid (a-phenylhydracrylic acid VI) on boiling with aqueous 
alkali earboiyites: 4 


CsHaCOiCH] 3 

(I) 


OH 

«C«H..C*CHa 1 

Cm • t 
(in ■ 


OH 

, CCH 3l 

COOH 

(III) 


CHj 

COOH 

PM Ki 


C®H** C*CH| Cl 

COOH J 

* (V) 


C.H* . CH a - OH 


COOH 

(VI) 


Tropic acid may«be resolved into’ its optically active forms by 
fractional crystallization of the quinine salts. 
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r f 

From cither tropic, atropic, atrolactinic, c or mandejic acids, the 
tropeines may he produced by the following methods :— 

(«) Esterification in the usual way by heating tropine and one of the acids 
with 3 per cent, of anhydrous JIC1. 

(ft) Acetylation of the acid, conversion of the acetyl-acyi so produced to its 
chloride, and condensation of the latter with tropine hydrochloride. The 
resulting acetyltropeine is saponified by allowing it to remain in contact with 
water for some time. This method leads to a much better yield of the tropeine 
than the former. 

/ 

{C) .The conversion of fropincs to cocaines .—When tropine' is 
oxidized to tropin one, and the sodium salt of the latter (I) is 
suspended iu- ether and saturated with a stream of carbon 
dioxide, a mixture of the sodium salts of two carboxylic acids is 
form.?<|{ ( Ila, b), since the sedium tropinonc reacts partly in the 
ketonio^Ia), and partly hf the onolic«.(Ib), form. 4 

The ketonic isomer is pno^uced ii,\ least amount, but<when this 
is reduced, a tropine carboxylic acid ( HI) results which proves to 
be racemic ccgonine. 

Now £-ecgo.nine is produerd when ordinary /-cocaine is digested with dilute 
"oaryla water, together with methyl alcohol and benzoic acid : 
rn.jp 

C i: H.,,0 4 N C,,H 15 0 ;j N + C«>J 5 .COOH l- C1I...OH 

Cocaine Ecgouine Benzoic acid Methyl alcohol 


Consequently cocaine (V) appears to be the methyl ester of 
benzoyl-atropine carboxjdic acid, and this has been proved by 
benzoylating ccgonine, and esterifying the benzoylecgonine (IV) 
with methyl alcohol: 


CH a -CH—CHNa 

I I 

N.M* CO 

Ch,—CH—CH j 
(U) 

CH a -CH —ch 

N>M« C-ONb 

I I 

CHa-CH*—CHa 
(«0 


CH »-CH—CHCOOl^VL 

III 

I NjAe CO 

I I I 

CH a -CH — CHa ^ 

(m) 

CH a -CH—CH 

^ M e C.Q*OOaN« 


CH a 


a-<|H-CH .COOH 

NJWo CH<OHI 

I I 

CH a —CH —CHa 
(ill) 


fjl-M* C- 




CHa -CH —CHa 

Qlb) 


CH2-CH~CH»C00H r 


rr 


N/rte CH.OCOC.Hs 

CH a -CH—CH* 

(IV) 


OHj~<fH—CHjCOpNU 

I i l 

| wM*CH(O.COJCbHs) 

L-L 


CH a —C H 
CO 


:h s 
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As might be foreseen frSra this synthetic evidence, eegoniue can be trans¬ 
formed to tropidine. When boiled with phosphclus oxychloride, ecgonine (l) 
passes into anhydroecgonine (II), which loses-carbon dioxide on'heating 
nndov pressure with hydrochloric acid, forming tropidin-® (III). 


CHa-CH-gCH.COOH Cl 

. I I I * 

1 kiMe OH<OH : S— I 


. I I 

• CHa-QH-~CHa 

I 


CHj—CH—CfiOOH 
NJMe Er 


CHi-CH—CH 


' h »-1h—C 

II 


H 

CH, 


MMe CH 
X- 1 1 

CH,—CH—CH, 

III 


Ag^in, by means of the cyanhydrin of tropmone (I), a-tropine carboxylic 
acid (II), isymeri* with ccgonin:, may be synthesized. 

By benzoylation and esterification this gives rise to a-coa^ffie (III), isomeric 
with ordinary cocaine, but not occurring in nature, a.Td possessing no anes¬ 
thetic properties: ' 3 

CHa-CH-CHa CH,-£h — CH, (I " - »? Hj ? H ® H * O.CCCC.H, 

| \>°» I I / OH _ 1 Ki.m« cr 

V*^ e C^ • ®\ » 

I ^ • I n cooh CHa 

CHa-CH-CHa CH,_CH Ch 4 


.. 0 / C 

1 | \cOOMo 

*a-CH— CHa 


lllll 

U.J 

Finally tropn-cocaine, which sometimes accompanies cocaine in tho cocoa 
plant, is khe benzoyl derivative of ^-tropine, since hydrolytic agents breaiTYb 
% down into that substance and benzoic acid : 

ch,—ch—CH, 

l\|.M e CH.0*C0.Ct>Ha 


CH,—O"—CH, 


III. The Oium ^tt ^Voim'y Alkaloids 

Most members of the ‘popjry family are tolerably rich in 
alkaloids, hut the opiuid poppy {Palaver somnifernm) is especi¬ 
ally noteworthy in this respect, and the milk-like juice from the 
unripe seed heads of thief species constitutes the drug opium 
when dried. 

The therapeutically interesting compounds prerent in opium 
may bfc divided into three classes: 

•* 

(, { ) Ntn-nitrogenous substo neat. About 4 p3r cent. Meconie acid, 
ineconiuc, etc. 

(i») Iso-quinoline 'Alkulohh. About 6 per cent. Narcotine, papaverine, 
etc.^ ° 

(c) Oxazine aUuloids . About 10 por cent. Morphine, etc. 
io 
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(a) Non-nitrogenous Substances —Although these are, strictly 
spoakifcg, not alkaloids we 'will review tKeir strudfcure because 
they are frequently found as decomposition products of the iso- 
qtiinolinc alkaloids, as welVas accompanying the true alkaloids in 
poppyquicc. ■■ * 

t 

Meconic acid , 0 7 1Ih 0 8 , 3IJ»0, occurs as morphine salt in opium, and has 
been shown (compare chap, vi., p. 85) to be a dioxy- 7 -pyrone dfcarboxylic 
acid of the formula : 


C 10 TI 1 o O 4i melting at|" 102 ', is, on the othei hand, a bmzo-luctone 
«-or plithalific (chap. iii.,p. Gl). -It is derived from meconinic acid, CioHrA-,, 
which exists, however, only in the form 0 !' metallic salts, which revert to 
meconine when acidified. 1 1 e *" 

Meeonino itself is of importance owing to its formation from iiarcotine 
(p. 147) on boiling the hitter alkaloid with water ; at the same time a elosely 
related compound, opianic acid, C| 0 IljoO fl , is also produced. 

Opianic acid is changed to sodium ineconinate by the action of sodium 
amalgam, and on acidifying the product meeonino is obtained ; again, when 
heated with strong aqueous potash, opianic acid furnishes a mixture of 
mcconinu and hemipinic acid : 


2 ChoHjoOa t — ml 1 id'O4 + 

Opianic acifl. Meconine. liemipinic acid. 

I 

This reaction is analogous to the decomposition of benzaldehyde by caustic 
alkali : v 

2 OJlj.t'HO -1 IToO = CoIlj.t-TLOIl + U„H fl .COOH, 

I 

and so, since liet opinio acid is known to have the structure given below, it 
is reasonable to suppose that the structures ct opianic acid and meconine are 
somewhat as follows : — 


M 


MeO 

To (^VoOB 




coo; 


Hcmipimc acid 


M« O 



Opianic acid 


Me 6 . 


M c CO 




V 


Ha ' 

Mecnmne 


The prec’ 1 '*! orientation of the carboxyl and aldehyde groups in opianic 
acid is finally established by the fact that on distillation with soda-lime it 
yields vanillin methyl ether (III), which may be synthetically prepared from 
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pyrocatechol (I) by Rcimcr's reaction, the prodi^t, protocatcclmicaldehyde 
(IT) I’.oing then Methylated : 

A 


HO 

HO 


A 

in 


HO 


HO 


CHO 


V 1 

(II) 



W 

(b) Isoquinoline Alkaloids .—The chief members of this group, 
and the onlyjmes which we shall consider, are narcotine, narceine , 
arid papaverine.* Each of these, by the action of violent chemical 
reagents, such as heated zftic dust* or fused potasj?-; gives rise to 
simple derivatives of isoquinoline ; none of them possess very 
marked physiological properties. # • 9 

Narcotine, C 2a H. J3 0 7 N, melting at 17C*, h the most abuijoant of* 
the tlipge»and fiorms sometimes as # n^uch as 6 per cent, of the 
dried juice of the poppy. It is a very complicated alkaloid, and 
its structure has only recently been placed beyond doubt; at the 
present time, however, the synthetic evidence (whiefl is usually 
necessary to decide the precise constitution of these complex * 
bodies) has been supplied almost completely, although there still 
remain a few missing links in the chain. 

Narcotine, when heated with water at 110°, gives a mixture 
of opiauic acid and a substanc*, hjdrocotarnine , 

• IT a O 


QaHaAN 
Narco tine. 


->! C?olh fl 0 5 + CjolbAN, 

^ C^iianie acid. Hydrocotarnine. 


whilst by gentle reduction, meconrm and • hydrocotarnine are. 
produced. • * • 

The latter compound is oxidized by mild reagents (such as 
hydrogen dioxido) to cotandne , C 12 H i5 0 4 N ; and since the formula 
for narcotine depends on the structure of cotarnine, we must 
discuss in a few Wvfrds the nature of this product. 

/ • • 

The chief decompositions of cofamiw are : 

(i) Nitri” acid oxidation produces apophjiUcnin hcitl, 

,CH— C)C<X>H * 

Me.N»H ^/J.COOH 
N CH=CH 


(ii) Methylation gives rise to cotarnometliine methyl iodide (I), which, 



v> 1 i 

148 THIRD YEAR ORGANIC CHEMISTRY ' 

C ,f ‘ 

when lieated with alkali, iields trimethyl amine and cotarnone (II). Oxida¬ 
tion o f cotarnone leads tola laeUne (III), and then to cotarnio acid (IV), 
which, when reduced in sealed tubes with phosphorus and hydriodic acid, 
gives gallic acid (V^: ^ 

Cj,tt ,.An -> C u TI„0,N C u U w O* -> C„ H,*O 0 4 C 10 H h O*-> CtITA 

Cotarninc. 1 II III IV V 

< 

Now, colaruic acid is dibasic and readily forms an anhydride; moreover*it 
contains a methoxyl ami a inethylene-ether group. Heu-e, silica gallic 
acid is „ 

yo 

H °f| ’ 

’JV w N V r 

cotarnicvacid is most probably « ■ 

I Me o 

-•A COOH 


CH, 

\o 


V 


COOH 


and working back from this, uv arrive at the constitutions of the 
intermediate products I-1TI: 


MeO 


nr> 


/Of 
CH a 

NOli^JCHCnj.OH 
(III) 




M. n 


CH, 


\o 


CHO 

% 


so that, finally, cohniuue must be 


V 


MpO 


(I) 


CHa,CH a .N Mb>l 


CH 


/ u 


M 


NHM 

L 


This might conceivably be a kind of tautc&ieric substance, and react either 
as an aromatic alphylamiije or a reduced isoquiuolirie : 



CHO J 

f 


5f H ^CHfOH) 

NH Mb x c 

,oO 

f ' 

f noh. 

| j r 

CHa | 


1 

CH* 



X5H a 
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It has been shown spoeti^scopicafly by Dobbie lud co-workers that some* 
such change doea occur, onre form or the oilier plcdominating accorjjing to 
the solvent and other external conditions ; and tfis hypothesis also renders 
explicable the formation of the pyridino-betuiu^likc npoflhyUcnic add. 

will now summarize a recent syuthesis of cotarnine by Salway 
( 1910 ):-. * • . 

Commencing with myristicin (which had been synthesized previously), the 
allyl groupjircsent was isomerizod to the proponyl rarticl? by hot alkali, and 
oxidation of the product produced myriztahlehyde , which was condensed 
with ethyl acetate by means of sodium ethoxide, when hydrolysis and 
alkaline reductSbn produced ft-3-v>efhorry-i .5- mcthyJeiudio.yyphenylpfayionin 
acid. « * * 

The amide of this acid was treated with potassium lyn^mromite, and tlic 
Kisultitfg amine heated with the chloride of phenylncetic add, when phenyl- 
ac.etyl-ft-'S-mdhoxy-A.b-methylt'HMlio.eypheiiylyfhylamhie obtained. 

On heating this with phosphoric anhydride jp boiling xylene the $?$>onyl # 
group present ^>r rather its enfllic fonn) condensed with the lUnzenoid 
nucleus ill tfcith of fhe <n'<7w-positions to th* cthylauiine radicle, so that two 
isomeric dihydroisoquinoline derivatives were produced. 

One of these, possessing the formula below (as proved by the preceding 
analytical evidence), yielded a methflchloride, which, when reduced, gave 
beUzylhydrifuhmflne, and the latter compound jielded cola mint on oxidation 1 
with manganese dioxide and dilute salphuric acid : 


och 3 



M>nsiiou 



I’hcn>l.icctjl-^>7-mclhox> -4. 5-iucth) k.ic 
«'io\j phed) iL‘lh) lamine. 



Myristddchydc 



hydros u^uim-bnc ik.iuitue 



A little later Perfrin and Robinsop (1911) showed that cofar- 
nine condenses with mecor^ne it^ boiling alcoholic solution and 
forms gnotyopine, an alkaloid isomeric with \iarcotinn, and, indeed, 
its racemic form. Gnoscopine is # couve*ted to the optically 
active narcotiues by fractional crystallization of its d-bromo- 
camphorsulphonatd* and is also formed by boiling natural 
narcotine with alcohol, when raeemization sets in. 
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The constitution o\i narcotine itself is‘thus definitely shown 
to be>- 




■s 


, A%Veinr, C S8 H aT 0 6 lf, winch accompanies narcotine‘in opium 
to a small extent, was known muclf earlier (1890) to be, closely 
related to the latter alkaloid. It iS produced, in fact,*according 
to the following scheme when narcotiue methiodide is distilled 
with alkali*: “ 


co 

'CHjo'.c*Hj ;o 
CH 

I 


^COOH 
* X C.OH 

II 

CH - 


,COOH 


t CHjO > .C a H . 

1 \ 


lCH, OjXCH 


/ \ v / 

>0 )»C»H ti 


1 r 

CHa”‘CHa 


CHj 

Narcotiue methiodide. 


(CHa Oj) (CHjO). C#H 

" X CHa*CHjJV(CHji a 

* *> 


(CHa Oa > fCHjO ),C,H 


r 

•CH, 


NARC 


V * 


CH a 

? H ’ 

N < CHj) 


Papauriue, C 20 H 21 O 4 N, is shown by the Zeisel method to 
contain four incthoyxl groups, so that all the oxygen atoms arc 
combined as - 0 - GIL. ‘ , 

When fused with alkali, an isoynwolitie and a homo-catechol 
derivative ar,o produced; the structure of'lhe products is as 
followsY 


CaoH„O.N 



Papa verb*. 


Dimclhuxyjyxjuinolioc. 


, och. 

ClinctiM.yhoffloiatcchol. 
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Oxidatiop with pdtassiuriX pcrmangaiate decomposes papa* 
verine into a-carbocinchomeronic acid ,• * 


COOH 


cooh 

COOH # 

Mainly from these data it was believed th£t papaverine pos¬ 
sessed the structure 



and this constitution has beon recently confirmed by a somewhat 
complicatated synthesis, due t<j Pictet (1909). • 

* The following is a diagrammatic outline of this s/nthosie :— 
(i) Synthesis of aminoacetoceratrone. 



i3 °f \ CH ^OC' CHa o/\co.ch, 

A ' Cl3 CH,ol J * 'CsH,|l c NO a 


Vci.itrol # 0 


ch 3 o. 


: .h -°V 

^ccuntratrunc. 

’•CHiNlOH 

CHj • CH, °\y^ * 

I •oiiitiuso lomi'nund Aminoarclomalione, 

(ii) Syhlhesis of homoi'ufitric arid. 

C Hl o/%«HO ^ CHi0 
. chj CHa 



Vanillin methyl cl her 



H iOH)« C N HI 

•I *-*■ • 

(liMtrd) 


HO./Vh*K>OhJ CH.oA.CH^OH 

. CH,oHJ 

Ilompvcrajrit V J<) 


HO 

Uoiuoprolocalcdiuic 


p a o. 

in xylene 
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(iii) Combination of t\°se compounds. 4 

iX 



CHs O 


CH* Of| 

\ 

\ , 
CHsO* 


t .minoacctovtntronc 
CO Cl 


f O CHj 

Homovcrjtroyl chloride 


OCH, 


ch.o^VY 


0M,0 .U A 


s; 


,NH 

o 

HA 


vria 

A • 

A 

A 

1 vJOCH, 

LJJoch, 

u 


OCH, 
OCH, *• 


i. 



(c) Oxazine Alkaloids .—These are morphine , codeine , and thebaine , 
and are the poisonous hypnotic constituents of opium. They 
differ from most alkaloids in containing no pyridine or pyrrol 
residues, but include, on the other hand, the oxazine (chap. ix., 
p. 176) and phenanthrenc riny systems. They are tertiary 
bases of a closely related nature, differing in their degree of 
methylation: . 


f Morphine, C 17 ¥f i«iO.,N. 
\e 17 ti 17 (OiJ).jOJV. 


f Codeine, C | Thebaine, Cj.jlIyxO.jN. 

l0 I7 ir )7 (0H)(0Ci: : )0N. IC^HjjfOCIIgbON/, 


Tlie following summary indicates the chief poinfc. of our at present 
imperfect knowledge of tlie constitution of th^ group : 

(a) Morphine , which by methylation ‘.vith dit zoniethane gives codeine, is a 
weak base and at the same finie a dihydric phenol. » 

Since it is excessively o<y;ily oxidized, ant 1 , on the other hand, proloeaie- 

I 

y OH <l) 

chuic acid o*h,—oh <a> is obtained from it by fusiofi with potash, it is 

X COOH<4> 
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reasonable to suppose thaf the phenolic groups dre in the ortho position to 
each other. . * f •. 

(&) Vongerichten and Schrotter showed in 1M1 that the morphine alka. 
^oids, when distilled with zinc dust, gave p'mianthrefie, hut no pyridine 
fieri vatives: 


ch —CH 

CftH. 


Jf) Vongerichten and Knorr found that codeine methiodide (I), when heated 
underpressure ^vitli concentrated hydrochloric acid, was converted into a 
mixture of two substances, one <^f the formula (yin ON (III), and the other 
a rlihydric phenol, morphol (IV).* 

(d) Qn the other hand, Knorr showed that codeine met '., iwlidc is transformed 

by boiling with aqueous potash into a series of isomeric bases, the mdifi/l- 
morphimethiiics [ II). Methylmorphimethiife, tletted as before witb*£lrong 
hydrochloric acid, gives morphol (4 V) and the sTibstancc CJInON (HI). * 

(e) Motplfol, CuHmOa, gives phmnn(hre*c \>n distillation with zinc dust, 
and a mixture of phlhulic anil protoca Made a-< ids on oxidation with perman¬ 
ganate. It is therefore probably a dioxyphenaiitlneuc of formula IV. 

I * 

If) The aubstguee, C^H^ON (III), by addition of methyl „iodide, forms 
, choline iodide (V), and is possibly vjjyctkyl dimethyl am ine (VI). Such a 
compound by intramolecular reairangement and simultaneous oxidation 
could give rise to the reduced orazine or morpholine (VII) (</. chap, ix., 
p. 177). 

% 

(</) Mdhy/morphimdhinc, boiled^ with acetic anhydride, has been shown 
by Knorr to yield aedoxymethoxyphena nthmie (VIII) and tudoxydhyl- 
dimethylamine (IX). , * 

{h) Morphol has been synthesized ’pySftchnrr from nitrurunillin (X), which 
by condensation with phenybrnctic j^tfd (Pej-kin's legation) yields tho acid 
XI, and this by reduction, diazotizatfcm, and distillation of tlic diazouium 
hydrate yields dimethyl morphol (XII), which is converted by hydriodic acid 
to morphol (IV). * 

These reactions are represented on the next page : 
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No further synthetic evidence has yet Wen obtained, however, 
with regard‘to the mode of unioti of Xhe phenanthreue and 
oxazine nuclei, and it can only be sajo that morphine is a 
% substance of the composition 



k « 

IV. The 3aiujeiuiy Alkaloids 

0 

We will next consider some alkaloids, closely related*in 
structure to narcotino, which occui* inline plants of tlv/order^ 
Ranunculacefe. The chief df these are hydrastine (fouud in the 
English TiarbcAy and some‘allied N5rth American genera) and 
hwberine. which also occurs in the barberry shrub. 

Hydrastine, C^H^C^N, a lyisic substance melting at 132°, 
resembles narcotine in the first place in its behaviour*with 
hydrolytic agents, when opianic acid and a compound hydro- 
hydmstinine result: 

a, N^N+ 11,0 C,„!l, 0 O a + f'uIb-A.N 

Hydrastine. i Opianic*. acid. flydrobydrastinine. 

By mild oxidation hydrohydrastinine becomes hydrastinine , 
C n Ii 1;; (). i N J which resembles jMsftninc very closely. If we now 
compare the formula? for *narcotino, cotaVnine, aud hydro- 
cotarninc with those of hydrastine, hyflrastinine, and hydro- 
hydrastinine, we sec that the hydrastine derivatives contain 
a methoxyl group les;*’ than the corresponding narcctine 
compounds: ***?' 

Narcotine, 0,3L :i 0 7 N ‘Cotarnine, u w h„0 4 n 

Hydrastine, O.jdLiQjjN <j Hydrastinine, C n H li{ 0 3 N 

* Hydrocotarnine, C,,H|AN 

Hydrohytlrastinic*, 0 11 ir i jp a N 

The further study of the reactions of hydrastinine shows that 
these alkaloids possess structures parallel in all respects * to 
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those of the narcotine^ group, except that* they contain one less 
metho*yl radicle. 

(a) Jsoquinuline is*produce(Kwhcn hydrastinine is distilled with zinc dust. 

(b) Hydrastinine, like eotarnine, contains both a basi^and an aldehydic 

group- • . * . 

(r) Apoplti/Ucnir add is formed when hydrastinine is oxidized with 
nitric acid. • 


The synthesis of hydrastinine by Fritsch in 1895 ^proved^bat 
this compound only differed, indeed, fjom cotarnirjj, structurally 
as well as empirically, by the .absence of the methoxyl radicle, 
- OCIIy, which is'i’ound in the latter compound. • 


The iteration proceeds liijst of atl by a general method of isoipiinoline-ring 
%ynthesis<dieady mentioned iifchap. vii. (}>«114): • 

Ptpcronal [}) and aminoarrful^l^) yicld^t condensation-product* Viflich, in 
presence of concentrated sulphuric acid, loses two molecules of alcohol and 
forms nidhi/I,eiir-iU(i.>‘j/isiiquinol())e(lll). Reduction of the mdhiodidc of this 
base (IV) leads to the production of Itydrohydruslinine (V), which may be 
^oxidizgd to hydrastinine (Via, b, o, d). The latter substanow, like eotarnine 
(p. 148), behaves under varying conditions as [a) an aldehyde, (b) a earbinol 
base, or (rj an ammonium base; its salts (d) also belong to the ammonium 
type. 



(Vic). ^ _ (VId) 

Hence, since the alkaloid itself, hgdrastine, breaks down into 
opianic acid and hydrastinine, just as narcotine yields opianic 
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acid and co^arnine, it ifc reasonable to supjjpse that the remainder 
of the hydrsfStinine molecule is peffectty analogous to that of 
narcotine, so that its formula becomes r * 


CHa O 
CHjOf 



* 

The other alkaloid which is found in barberries, herberine , has 
not yet -been synthesized, but byTneaqs of its decomposition 
products a formula has bcjn evolved for it by Perkin*(1910),' 
accorcfWig to which this s’sfbstanci resembles hydrastine and 
narcotine in the isoquinoline half of its molecule ; moreover, the 
mode of union of the rest of the-molecule with the first-mentioned 
part is very similar to that in either of the other lvx> alkcjoids. 

"The proposed formula is as follows:— 

CHj o 

CH, CH0 

‘V~,r 

N NH 


• V. The linchona Alkaloids 

The next group di the alkaloids which must be considered arc 
usually known as the qifcnoline alkaloids, since by zinc dust 
distillation they yield quinoline and its simple derivatives. 

The compounds in question occur chiefly in different varieties 
of cinchona bark,*and instead of possessing poisonous qualities 
in common with «aost alkaloids, they are exceedingly valuable 
drugs (quinine). As we shall see shortly, however, a very 
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simple intramoleculai rearrangement converts each of the 
cinchona alkaloids inti violent poisons. 

Although kno^n to Vhe Indians and Spaniards some centuries 
ago as an cxcellont meuicine, cinchona bark was not minutely* 
studied until about, 1820 ^Pelletier and Cavintcfa). It has since 
been found to contain* in addition to certain aromatic acids 
(especially tannic acid , C lt H J4 O I0 , and the optically active quinic 
acid, C tJ H 7 (OH) 4 .GOOH), the following four alkaloids:—- , 

CinchSninc, C 10 IT 2 . 2 ON 2 . Cinchonidine, C,,,ir 2S Cl^ g . 

Quinine, G, ( JI 24 0 2 N 2 . CtgtichiniAo (Quinidine), C 20 H. 2i O. 2 N 2 . , 

Jt is best to consider the structure of these bases in the 
folio vypg order:— • 

* A. Ckneral reactions of all four basem 

13. The structure of cinch wine. % 

C. The structure of quinine. 

I). The relation of cinchonidine cinchonine y and. of ronchininc to 

qtrinifie. • • • 

# 

A. General Reaction *.—The following reactions are characteristic 
of each of the four alkaloids : 


(«) When distil^d with zinc dust, quinoline is formed. 

(i b ) Each forms a dimethiodide. # 

(c) Each yields a monoacctjd and a lyonobenzoyl derivative. 

( d ) (i) These alkaloids can each alisojb one molecular proportion of bromine 

or of halogen acid. V * 

(ii) By oxidation wijh cold permanganate, formic acid, and an acid contain¬ 
ing one carbon atom less than the original alkaloid, is produced. 


Hence wc ny#y at once make the following deductions :— 

(a) These alkaloids contain a quinoline nucleus. , 

(h) They contain two tertiary nitrogen . *^ms. 

(e) They possess one alcoholic or phenolic Hydroxyl group. 

(d) They also contain the vinyl rad i^e - CII: OH.,. 

Two further general reactions may also be mentioned: 

(e) By gentle oxidatio^ with ihromic Icid, ketones of the same carbon 
content as tH original alkaloids result; cinchonine and cinchonidine both 
furnish the same ketone, cinchoninone, and similarly, (fhinine and conchinine 
both yield the isomeric quininone (Babe). 
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(/) When heated with dilute acetic acid, isonjeric bases are produced, 
evidently by intramolecular rearrangement f the new bases (t •inclwlo.rinfft) arc 
violent poisons, and instead of possessing two topiary nitrogen atoms and a 
Jiydroxyl group, are now found fo contain on/ tertiary and one secondary 
( imino ) nitrogen atom and a carbonyl group (von Miller and Rohde). 

, ‘ i’ 

4 

We may accordingly conclude: 1 * 

(a) Th&t all four bases are exceedingly closely related, ami 
that in all four there is a secondary alcohol radicle > CH(OH). 

(T)*Tj^at a group of the nature > C(OH)- N < in the original 
alkaloids nas been broken d^vvn by isomerization into the radicles 

•> C:0 and HN <. ' # 

• 

B. The Structure of Cinchmine. —We may now proceed to discus's 
the more precise nature of these bases? ^nd this may be done *> 
most piofitably by confining ourselves for the moment to one of 
them— cinchonine. 

We must, however, look to some further decompositions of 
cinchonine before we can make any definite conclusions. The 
chTef of these are: 


(<t i Oxidation. 

(i) by chromic arid in presence of sulphuric acid (Konigs). This produces 
cinehoninic acid (quinoline y-carboxylic acid, p. 113), and a base mcro- 
q it incur : 


* ('[.(Hj.oONj, 

Cinchonine. 


- Cjolb CCN 

Cinehoninic acid. 



cyr Jf) o,N 

Mcroquinene. 


(ii) By poUmium permanganate (Kbuigs). In this instance, formic acid 
and a compound c inch/) ten in 5 con tain i n g a hydm.ryl and a carbonyl group) 
result. By further oxidation cinrhotenine yields cinehoninic acid, so that it 
mnst still contain the quinoline nucleus of cinchonine: '* 

C 19 H ffl ON 2 — > aC l8 H at U 3 No + H.COOH 

CinclioJkiuc. Cinchotenine. v Formic acid. 

(C 9 H 8 N)C 8 lIjyN(COOH)(OH) 

• I 

Moreover, since nncjiQtenine; in contradistinction to cinchonine, cannot 
take up a molecular proportion of halogen acid, it is plain that the vinyl 
group present in cinchonine has been oxidized to formic acid. 
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\ , 

Hence we may write cinchonino as— 



(b) Dehydratin',i of cincholine by means of phosphorus pentachloride removes 
a molecule of water anti produces cinchene, which, by treatment with not too 
concentrated aqueous phosphoric acid, absorbs two molecules of water, and is 
broken down into lepidine (y-methyl-quinoline) and meroquinene (setjjaV?.jve): 

CjJUONo -> C lW Ha,N a T1 


Cinchonine. 


-> C 1( ,U S ,X f Cyi^OaN 
Cinchene-- Tepid ine. Weroquinene. 



Taking this in conjunction with the formation of cinchoninic 
acid and meroquinene from cinchonine by oxidation, it is plain 
that the quinoline nucleus must be united to the meroquinene 
part of the molecule through a carbon atom attached to the 
/-quinoline carbon atom, so that we may further formulate 
chinehonine as: 



-|C»H, ,nJ <OH> ( CH=Ch, 


('■“) Meroquinene, i#*, which, by thc&’ay, the vinyl ymup -CH:CH 2 still 
persists, is oxidized by >cid permanganate solution at 0' to cincholoiponic 
acid, which by tL* same reagent at higher temperatures yields loiponic add. 
The latter acid, when warmed with concentrated sulphuric acid, gives cincho- 
".route acid, ami by analogy with the similar oxidation of piperidine to 
Tidinc, is a hexahqd rorim home run ic acid. 


men 

pyi 


cyi 15 o,x •* 

Meroquinene. 


-> C S H,AX c v h 11 o 4 x 

Cincholoiponic & id. Df-iponie arid. 


M \ / COOH 

/®\ * 

CHa OH COOH 

I I 0 


V-!1,,0,N 
Cinchomeronic 
acid. 
COOH 
COOH 


A 
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So much was knowii by auoufc 1897 ; the work up till then had 
been carried* on mainly by two German'chemists, Konigs and 
von Miller. These agreed readily as/to the constitution of 
loiponic add, but a difference of opinion "was manifested as to the 
manner of insertioryjf the extra methylene (- CH 2 -) grouping 
present In cincholoiponic acid, Konigs regarding it as a substituted 
acetic arid, whilst von Miller and Rohde considered it to be a 
methyl homologue of loiponic add. 

TJie u^rcnf'Vractures thus ^appearing may be best represented together 
a little later, and before giving them we will discuss the evidence for the 
position of the hydroxyl group in the cinchonine molecoj.. 

As ^already mentioned, von Miller and Rohdo showed (in 1894) tj*at 
cinchonine, may be isomerized into an in^noketone, ancholoxine, and con¬ 
cluded that the non-quinolinic tertiary niln&fAi atom of cinchonine wa» 
adjacent to the alcoholic hydro%ffi<jrad\de : , * 


' C OH>’ 


# This was accounted for by assuming that across the piperidine nucleus (of 
meroquiiftne) there existed (in cinchonine) a “ bridged-ring” system of the 
general type: 


Now, whatever formula b^arflopted for meroqninene, it is 
certain that the quinoline residue in cinchoryne must bo united 
to the hydroxylic carbon atom therein (f<jr otherwise the known 
decompositions of cinchonine and meroquinery; could not be 
explained). Consequently this hydroxylic carbon atom must be 
tertiary, i.e. possesses no \ydrogen atom attached to it. 

On the other fc..v.d, Rabe has recently shown (1908) that 
cinchqnine may be oxidized to a ketone, cinchonfttone, with the 
same number of carbon afoins, cfhd only differing from cinchonine 
by the ld’ss of two hydrogen atoms (cf. A (<\), p. 158); this proves 
beyond doubt .that the alcoholic radftle is o^a secondary, and not a 
tertiary, nature, a ltd so this worker has modified the conception 
of the cinchonine formula as shown below. < 


ii 
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V , 

We can now illustrate the views of thrfse three scientists by 
developing their respective formulae for cinchonine 1 from that of 
loiponic acid : 


Kfiuigs. 

^OOH 


Loiponic acid. 


Cincholoiponic 

acid. 


✓ CH 

COOH.CH CH» 
CH a CHa 

Vl 


CH,.COOH 

COOH.CH 

l«. I 

CM7 JCHa 
\ / 

NH 

CHa* COOH 


JL 

Meroquinene. ch^ch.ch 'ch, 

I I 


CHa .CHa 
\ / 

NH 


mu Miller. 


Same 


CHa COOH 

V 

COOH.CH,, CHa 

I I 

CH a/ PHa 

"nh 

CHa COOH 

V 

OH,—CH.qn ch* 


t 


i 


H, CH, 

\'h 


Jlabe. 


Same- 

v 


Same at, KOnig* 


Same ai Ktoiijjs 


Cinchonine* cHa-CH. CjH —«^H— CH a 

CHa 


HO-C— 
CH~N-CH, 


CHJ5CH *CH- 


HO*C 


;—c 

H, 

i—< 

h 

:h> 


CHpPH-CH—CH - CHa 
OH, 





J Hi 

\ ^ '*r v n 

It will be observer! iliat Rabe’s formuT,* whilst accounting for the formation 
of cinclioniuom*, does not interfere with the production of an iminoketone hy 
intramolecular r^aiiangement, the transformation presumably taking place" 
as follows:— 



G. The Structure of Quinine .—When quinipe is oxidized by 
, chromic acH and sulphuric acid, an equimoJ.ecular mixture of 
■ taeroquinene and an acid, C n H rt 0 3 N [qvinink acid), is formed. 
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Again, quinine (C 20 H 2i OJ$.,) contains the atoms CH 3 0 more 
than cinchorrino (C lti> H 2i jON 2 ) } and, Aioreover, quinine is found by 
Zeisel’s method to contain one method yl grqup, whereas cin¬ 
chonine possesses none. Hence it is obvious that a hydrogen 
atom in cinchorilue es replaced by methoxyl (O.Ctf a ) in quinine. 

The Oxidation experiment shows that this extra radicle is 
presentnu the quinoline nucleus, and, as a matEer of fact, qnininic 
arid has been synthetically shown to be p-mefhoxi/quinolwe-y- 
(Wilondk acid : 9 



Accor3ingly, the formula # of quinme is known at once, if that 
of cinchonine bo assumed. 

It may be remarked here that there is at preseht but little 
synthetic evidence of the constitution of this group <?f the * 
alkaloids. 

D. The Relation of Cinrhonidine In Cinchonine , and of ConcJiinine 
( Quinidine ) to Quinine. —There remain the respective isomers of 
cinchonine and of quinine. *These havobeen supposed for many 
years to be stcreoisomeridcs, a}jd*Eabe has recently proved the 
truth of this contention (191'..*? • All four bases are of course 
optically active, but in varyjjg degree; nov% if Ilabe’s formula 
for cinchonine (p. 162^ be examined, it* will be seen that the 
carbon atoms numbered 1, 2, 3, and 4 are all asymmetric. 

It will Uli remembered thr-’, ciuehmune and cinrhonidine both yield one 
and tlio same rfnchoninw' by oxidation, and <■ inchatoxine by isomerization, 
f'inchoninone has been proved to exist partly in the eno^c form, so that * 
here, as well as in einchotoxine, the asymmetry of the carbon atoms 3 and 4 
is destroyed. Hence the difference bftween cinchonine and cinchonidine lies 
in the different spacial configurations of the groupr. about the atoms 3 and 4, 
those about 1 and 2 being the satae in each alkalom. % 

Similarly, sineb quinine and conchinine g ive the lame qninivone and quino- 
toxine, the isomerisi#of these two alkaloids is alsa due to the configuration 
about the corresponding asymmetric atoms 3 and 4.1 
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Further still, it has tfcen found that both rhtchoninone and quininone, 
when acted on by amyl nitrite, gi*o a substance of the structure 



• 1 ’ • i i 

:CH*CH —CH—CH, 
<^H| 

CHa-N— 


and, whether cinchonine, cinchonidine, quinine, or quinidine is used as 
starting material, the resulting product is optically the same in each caset 
Consequently the same asymmetrical configuration persists.Jh rough,ou€ithe 
four membeys of these naturally occurring substances, so far astie atoms 
above numbered 1 and 2 are concornec 1 . 


VI. Thr Nux* Vomica Alkaloids 

r 1 » 

The sfeods of various species of Strfjdinns (mix vomiVa) havp long 
been known to contain some very poisonous alkaloids. The chief 
of these, strychnine and hr urine, were definitely isolated by Pelletier 
and Caventeu at about the sam^ period as quinine (1819), but 
their ttructtlre is still unknown. r . * 

Both are quite strong bases, and react alkaline to litmus; they 
are Imvorotatory, and exert the same paralytic kind of toxic 
effect, strychnine being more powerful in this respect. 

The few definite facts known as to their decompositions are as 
follows:— ‘ 


(а) Strychnine, has the empirical 'formula, C a] H 00 O 2 N 2 , and brucine, 

Co,]I a AjN* "* 

(б) Brucine contains", two methoxyl ^oups, and strychnine none at all. 
.Since their difference in enpirieal composition js CbII 4 Oi, and from their 
exceedingly close similarity in general properties, it is very probable that 
brucine is a dimctho.nislri/rhnmc. 

(c) Distilled with zinc dust, both alkaloids yield indole, skatole; and various 
pyridines. 

(d) Both alkaloids can take np a molecular ^proportion of bromine, 
indicating the presence of a “ double bond.” 

(e) Various complicated reactions lerfd to thV production of the following 

substances:— , 

Strychnic acid .—An iminocarbpxylic acid, indicating the grouping, 
>N - C0 ‘- !■ . 

Nitro and zitlphonatu n products, indicating the jftesence of a benzenuid 
-■ residue. 
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Methylslnjcfpiint .—Analogous to a quinoline betaine. 

An acid, C 13 H 17 (>>NVCOOH, which gi v9s carbawfc when heated with zinc 
dust. 

A ketonic arid, slrt/chninonic arid, C 5!1 TI. 3 ,0 <i N’; J , of thc*same caibon content 
1 as strychnine, so t^at strychnine probably contains the group -C}f[(£ll)-. 

Brucine can be con vetted into a derivative (still containing two mclhoxyl 
groups) wkich by oxidation loses both of these atul forms a pr/m-ipiinonc, so 
that the fCH ;s O) radicles doubtless occupy para -position's to each other in a 


benzene ring. 


Perkin kaL\combiued all these facts into a structural fdfinula, 
which, Whilst at present atnsupported by direct experimental 
evidence, gives a good representation of the chemical behaviour 
of these alkaloids: the formula below is J,kat assigned tr 

' O 

strychnine , that for brucine differing*only*by the presence of two, 
methoxy-grotips in position *(a) and (!>): • 



•CJilAPTEB IX 


SIX - MEM BE RED 1*0 LYH F.TERO ATOMIC RINCE 

^ SYSTEMS: THE A/INES AND AI/JED COM¬ 
POUNDS 


I. .Gknkkal 

* ' v 

A #• «- 

A T the close of our study of t^je furfurane, thioplmv.fe, and 

pyrrol series, it was necessary to .add a chapter showing 

how, by replacement of methine (CH) groups in these substances 

by oxygen, gulphur, or imino-uitrogen, other heterocyclic systems 

were produced. * 

We have now to apply the same principle to the pyrones, 

thiopyrones, and pyridines discussed in chaps, vi. and vii.; the 

groups to which- we need pay more particular attention may be 

classified as follows :— 1 

> * 


Compounds rontaininp two o.r(jt,e?- >r sulphur atoms: 

r -— o / _ 

y> Dioxenesff (Diethylene dioxide; glycollide.) 

'c=c qj 

o • Thioxines. (Diethoxythioxane.) 

s' > (Thianthrenes.) Thianthrcne ‘and parathianthrene 
s o=c ' (diethylei'redisulphide). 

" i 


Compounds containin j two nib open atoms ; 

The first group </dy possess heterocyclic atoms in ^im¬ 
positions; xn the present instance, derivatives of the corre¬ 
sponding ortho- and i.teia- series are also known : 
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y 

c' N ”\ * Orthodiazines. Pyridazines, cinnolines, and 
s cz=ze * p'hthalazines. * 


,*=<K 

W N 


Metadiazines. Pyrimidines, quirflizolincs. 

Farad fazines. Pyrazines ^piperazines), quinojfalines, 

'c-=c and phenazines. •• 

• • 

Compounds containing me nitrogen and one oxygen (or sulphur ) 
atom,: 


G '< 


,N-5 


Orthoxazincs* 


C V / 
• c—c 


A—<\ 


Orthothiazines. 

• c—c 
n——c 

<£ Metoxaziues. c' \ ^letatliiazines. 

o c *c—c ' 

K • /° * Paroxazines. • (Morphofincs) phenoxazinea, 


C-w-<* 


• • 


N 


C— */ 


s Parathiazines. Phenthiazines (thiodiphenylamincs). 


Compounds containing more than two nitrogen atoms: 




CH 


N -CH .N=CH .N=ll CH—CH CH"N 

1 M CH )cn CH % N yN ft 

‘Xl_c6 N— N' CH~«$H Nn— -N^ CH 


"Xl__CK 

Tiiorines o 
cyam dines. 


There are also a number f»f important dyes derived from the 
dibenzojtaroxazines, thiazines, and Itia fines, such as resorufin , methylene 
bine, the indulincs, and.the safrwines, which have been presented 
together in a separate seetiom f % 

II. Dioxenes, Thioxenes, and Thianv^renks 

:t \ J y c==c V. j yo=CL 


The three ling-systems, q c( ^8, and a ^s> are at 

V i - 1 — cf N c —- cr r/ 

present but seantily represented. Indeed, tlie only derivatives of the * 
hypothetical diuxcnc (which would correspond to oxcnc , the unknown parent 
of the 7 -pyrones) are fully «satura£cd substances such as the anhydrides 

CKR--CKR 


(ethers) of ethylene glycols, 


‘cKR-cfi R 


, and the glycollidcs or lactides 


• .CO-CH-R 


wri-l 

of a-hydroxyacida, ° v > 

CHR-CO 
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Again, the only simple Ihioxene compounds known belong also to the fully 

/ ‘h«-ch* 

/.so* and 

« “ * 

Cp.(aE t )**CHa 

dicthoxjthioxanc, o' ,s , the second of whii'li i S formed when the 

CH *<OEt>—CHj* f 

transposition product of chloroacctal (2 mols.) and sodium sulphidg (1 mol.) 
is heated with alcoholic hydrochloric ecid; it is a stable white compound 
which very readily sublimes. 

A few.derivatives of dtbcmolhivxcne or phnv>.dh lac have been prepared" by 
the dehydrating action of concentinted sulphuric acnl oiT o-oxyaromatic 


/OH HO, 


< vn ' —v * H a S04 - w 's k 

yC.H^R *—i► R.C»Hi^ /C 6 H,.R . e 

- so—' so 

t Other dehydrating agcnt.i* 4 such as phosphorus oxychloride or tliionyl- 
ehloride, •usually fail, however, to bring abifut the elimination of water. 


The diYAw-group is heller defined. ’Here also Ihe fully saturated 


ft «■ 


^CHa-CHa 


simple ring is represented by “ di^thylene disulphide,” N ch ^ , 
# <1 * » 
from etliylcuo mercaptan, ethylene bromide, and alcoholic alkali. 

In the dibenzo-series of this group we find derivatives of the true 

hetero-cyclic riijg, C * H \^ C#H *. These compounds, the thian- 
threnes ( diphcnykne-o-disulphides ), may he prepared : 

« l 

(a) By heating the diazosulvhides {p^pied by the action of niLrous acid on 
o-aminothiophenols : 

i i 


,NH. . 

C.H. a—*- * CiH 4 

S» . <• v 


« /S N 

C*H* CuH« + iNi • 


( b ) By the action of sulphur or sulphur dichloride on benzene 'in presence 
of aluminium chloride: x 


S , Aldj 

C«H» C b H 6 »—«. 


A. 


C«H^ ^C#H 4 


(<:) By heating aromatic mcrc^ptans op disulphides with aluminium 
chloride or concentrated ^ilphurio acid ? 


i 


SH 


HgSO, 


A 
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' *. * * * 

It is generally recognized at the present? time that the two 

last reactions *depend on the transitory formation of unstable 
sulphoxylic add derivatives, K.S.OH, which immediately condense 
further as shown. Also by these two methods of preparation, the 
•thianthrenes or (Kplitnylenc-o-disulphidcs (I) are usually accom¬ 
panied tijr large quantities of insolublA isomeric substances, 
which hdVe been proved to contain a ring-system at present 
unique in the heterocyclic series, the two sulphur atoms being 
united to para-positions in the benzene nuclei. These belies 
are, therefore, parathianlhram or diphenylene-p-disidphtden (II). 



(•ontirmation this structure is provided by the fact tlyit aroyiatic 
uiercaptans or sulphinie acids in which the position para- to the sulphur 
atom is unsubstituted (but not otherwise) readily suffer intramolecular 
condensation in cold concentrated sulphuric acid to parathianthrenes or 
parathianthrene dioxides: 

• • 

V** 

SO OH & f 

* 



It may be mentioned hero that the tripolymerides of the 
simple aldehydes and thioaldehydes, such as trioxymethylene , 

_ CHj 

Jp - CH. ,6h— i « 

ct t» y° , paraldehyde , 6 „ )sh.ch, , or trithioformaldehyde , 

O^^CHa •$ \CH» <imO 

CHj 

, ^3-CM, * 0 ^ 

c \ c f f ’ P 035jess six-membered he^erueyci^e systems containing 
three oxygen or sulphur atoms. 
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Ilf. DlAZlNES 


si. Orthodiazines, /C (Pyridazlnes). —Tin* dihydropyridazines/’ 

• ° i * 

result when hydrazine? condenses with y-diketoncs, and these oxidize easily 
to pyridazincs: *' 


y CO.R 

CH, + 


NH, 


V NHa 

CH.-CO.R 


-NH 


c6 ^V|H 
'ch-c4 


/9*\ 

CH N N 
\jH=CR 


Two series of beir.»rHu>dimines are dorivqJWe from pyridazine and members 

CHSCH 

, 4 >f both are known, namely, the cinnolinos, c.h« | , and the ph/hdluzincs, 


'N=N 


« t 1 


CHTN 4 

CaH^ *f . Oxyeinnoline is formed froth o-amiiioplienylpropiolic t aeid by 

't3H=N 


diazotizntion; 


c.h« 


x cac.cooH HNOa 


MilH a 


Cr*H* 


• t 


CEC.COOH 


ft * 


N N=n-OH 




hut 


•OH) 

^rzzcjcooH 


tOH’ 

C~CH 


C.H* | C„h/ 1 

^*=N htat * >N=Tn 


whilst phthalazine may be obtained fiom w-tetrabromo-o-xylene and 
hydrazine: 


.CH Br, NH, 

*' c,h/ J 


\ 


CHBr, NH, * 


.CHrrN 
C.H{ | 
CH—N 


Dibenwrihndinzine or pkctuaorfe i.* genetically related to phenanthrene, 
and is formed when di-o nitrodiphen^is reducer^ with sodium and alcohol; 
it may be regarded as an internal azobenzene, and, in addition to being 
produced by an analogous reaction tb Mie reduction of nitrobenzene, is a 
yellow crystalline substance like azobenzene: * 


/io, NO,^ 

CeHi — CcHi 


CaH* 


/N= N s 


-CsH* 


An opportunity may be made here to compare the nuso-azo substituents in 
phenanthrene i*nd anthracene respectively: 


CHssch 

c,h« - v c t H, 

Phenanthrene. f 


C. H fV 


>- H -1 


| 

C«H»-C»H« 

PUenanthridine.- 

« 1 

JiH 

c.h^.h. 


c 6 h. 


/ N =\ 


•''bH. 


Htenaione 
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By oxidation with permanganate, phenazone becomes pyridoxin? Utra- 
mrbojcylic acid , and this readily loses oarbonedioxide on warming, and gives 
pyridazine itself, an oil resembling pyridine, and boiling at 208": 


n=n , 
I l i 

£.H«-C.H* 


.COOH. 9 / VcoOH — , a % Ka ^ t 

OoOH COOH * 


All the ortho- and monobenzortliodiazines are strongly basic compounds 
of •characteristic odour, much resembling both the corresponding pyridines 
and ipiinoliues or isoijuinoliiies physically and chemically. ^ 

N~~"C * 

• H. Metadiazines, (Pyrimidines). -These are formed 

in the polymerization of alkyl cyanides wbon heated with" 
sodium, * „•«> 


3 R-CH..CN 


Rte=G.‘ l NH a 


and by condensation of amidinqp with /3-dikctones ojg (3 -keionic 
esters: • 


NH a 

CH,.CO + 

n ch,-co.r hn 


v ch— c5» 


The pyrimidines are, like the orl/wdiazines, strSng bases: the 
monoketoderivatives of reduced pyrimidines are the cyclic 
ureides, whilst a conjugated pyrimidine-glyoxalinc nucleus is 
the basis of the purities ’or tiric-acid derivatives, which are 
described at length in the nostf- chapter. « 


,CH—im 


There is only one series of benzomeladiaziucs, c 4 h« •: j , which are 

n n=ch 

usually known as quinazoltncs, and are produced by the action of ammonia 
upon o-acylaminobenzaldeliydcs: 


.H.<^ 


NH, 


NH.CO.lT 


£H=N 


N~C.R 


o-Aminobenzoaldehydc and urcu, react siaiilarly triform a-ketodihydroquin- 
azoline, ' A 

PNHj NH a . CO ^H“CO 

c,h; + ' I *—► c*M, | 

S CHO NH a C V — N 
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V. i { • 

whilst o-aminoarylbenzylamiiies ami fl-amino-aeylbcnzainides readily condense 
in presence of acids, giving respectively cUhydroquinazol/ncs and (3-kdo 
dihydroqu inaud hies : 


c.h; 


/ 


NH, 


Vh,.nh.co.r 


C.Hj 




:c-R 


c. 


& 


NHj 


,N=C.R 4 


CHj—NH ; 


c.h' 


CO—NH * 


CO-NH.VjO.R* 

t 

C. Paradiazines, (Pyrazines).—This is the most im- 


• A 

.C~c 


por^int group of diazincs, by virtue of its relationship to'the 
various series of dye-stuffs enumerated in the following section. 
The general methods for the preparation of the simple ywm- 
^iazines involve the condensation of «-aminoketones, ^either 
intermolecularly * (a) or bj 4 ammonia (b). Thus, if tho mono- 
isonitrosodikeloucs are* vedueed agd then oxidized gently, we 



• • r 4 

fc • ? 

and when a-bromoketones are boiled with alcoholic ammonia, 


(!') 


R<CO 

j •»- * NH, 

RjCH Ci 



o 


V 

The parent substance pt/refitim ( aldinc ) is similarly produced 
when a-aminoace^il (from chlor^acctal and ammonia) is oxidized 
or further treated with ammonia: 


- .UM-CH 

» Cl CH.tCH.toEt), » " ■ <9 »NH».CH a >CH.(OE() 

'■ch^cK 

It is a solid which sublimes very readily and smells like 
heliotrope (piperonal). * 

The pyrazines are not so strongly fe-asic as the ortho- or meta- 
diazines, and upon ^reduction yielc^ dihydro-, tetrahydro-, and 
finally hexahydropyupiiues. 

These substances fare some of the heteit>cyclic compounds 
which are most easily obtainable from the simple aliphatic 
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series; thus substituted ethylene diamines readily yield either 
of the first tVo seriesf by condensation with a-diketones or 
^-bromoaeetophenones : 




CHj.NHj CO ■ R 

I » # f I 

ch 3 .nhP CO. r 


CHj NH-R Bp.CHj 

f + I 

CH a -NH,R CO.R 


CH a -N^:C.R 

I I ; 

chj«r.r—oh 

1 1! • 
CN a —N«R—C«R' 


On the other hand, the hexahydroderivatives, usually known 
as piperadnes, result when ethylene bromide is digested <rith 
amines: *# 

CHa.Br NH 3 „r B r *CH a CHa—N- R-CH a 

l+l I I I 

CHj.Bp NH a «R Br.CHa CH a >-N JI-dHj 

Piperazine itself may be thus obtained from ammonia and 
ethylene t bromid§ or from di-p-nitrosophenylpiporazine on Whiling 
with alkalies: 1 * 




C Ha-CH» HNO, 

2 C»H, Bn, + a CtH#,NH a »-*>• C«H 4 N Xl.C.H, 

' CH,— c6j * 

.CHi-CHa /MOM ^.CHa-CH, 

N V:»H4-NO »-*- + mi >lh 

CHa—CHa CH*»-CH. 


It is a strongly alkaline liquid, very similar to piperidine, and 
ceverts to pyraziue whon distihed over ziyc dust. 

It will be remembered that eflnjjene imide , nhJ * , is never 

«■ * ' CH, 


formed in the above reaction^ (p. 21), doubtless owing to the 
inferior stability of the triatomic ring. * 


IK Benzoparadiazines, c.h.^ _(Quinoxalines). — Quin- 

oxalines are synthesized by the condensation of o-phenylene- 
diamines with (a) a-dicarbonyl compounds (ketopes, kctonic 
acids, of oxalic acid), and (b) cyanogen : 


(a) 

(*) 



w c. 



4 


e 

r 




c. 


=CJVH, 
NZUZCNH, 


■(dilute icidi) 
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They are weak ‘bases, readily reducible to hydrobenzopara- 
diazint-s. * 

The dihi/drorpiinoxalines may also be prepared from o-pheny- 
lenediamines by condensation with a - ketoalcohols, such as 
benzoin: * <" , 

i 

♦ r-*— c -<riT 

NNHj CH(OH>jCaH. NH_CHC.H» 


iTiliydroquinoxalines are usually ^crystalline, and, if the imino 
hydrogen is unsubstituted, arc easily oxidized to quinoxalines-; 
when, however, this is replaced by an alkyl group, oxidation 
leads to the production of uusaturated alkylammonium bases: 


✓ W== ? M >>=CH 

C*H<| . »—*■' C.H. I • 

N R.CH.fi n N —CJ»' 

/\ 
ft OK 

• (alkyl siilbazoltum hydroxide) 

- \ * • # 
Finally, the tetrahydrocompounds are also knowrtphnd are 

usually prepared from catechol and ethylencdiamines: 


/OH 

* C.H, + 

V)H 


NH»CH.R 
NH* CH-R 


,N—CH. ft 


<JL 


From the point of view of Hewitt’s theory of fluorescence, it 
is very suggestive that whilst quinoyalincs and tetrahydro- 
quinoxalinos ar^ not fluorescent, the dihydroquinoxalines (the 
only series of the tlmge which, having duo regard to the disposi¬ 
tion of the v;ah,*ncies in the benzonucleus, can display “double '* 
symmetric tautomerism ”) are all fluorescent: 
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E. Dibenz<^paradiazines, c.h •O *h* (Phehazines). — The pro- 

* 

paration of those compounds from o-phonylenedjiimines may be 

named out along several lines. 

• 9 • 

• For instance, the latter compounds readily goudendfe with o-quinones as 

follows:— 


,NH» 


C.H. 


\ 


NH a 


CO-C.H. /** -Y 

1 I *-*■ C.H. I 

CO-C.H. >4=C 


• • 

N=C-C.H, 


■ > ■ mC |H< 


On the other hand, o-dioxyben *jfies, which are the quinols corresponding 
to f>-quinones (these being frequently, lufivcver, unknown), give phenazines 
when heated with diamines, oxidation simultaneously taking place: 


C.H. 


NH. 


/ 

^NH* 

I 

• • 


HO\ 

C 

ho/ 


C.H. 9-9 (c.H /Sf.H?) 9-9 C.H^C.H* 


\ / 
V NH 


Finally, with more complicated phenols such as the naphthols, it is only 
necessary to employ the monohydric phenol: 


NH* HOv 

c.h; + ^c.oH. 
s nh, " 




If, in any of these condensations, mouo-alkyl-«-phenyI^ie diamines are 
used, the product is found to be not a phenazine, but a substituted ammonium 
Ua.sc similar to the stilhuioniam derivatives produced by analogous methods in 
the nionobenzoparadiazine series: • • 


,nh„ 


HO 


C.H. 


C.H. 9 


.NH 
r \_ 


O 


yA- 


'NH.R 


HO' 


r- H v c,H ‘) ^ 

fti \>H 

A^PhenylphcnuiAitim hydroxide 


v 

I 


Tim phenhziries are bright yellow crystalline bodies of high 
melting-point, and fluoresce in solution. 

Phenazine itself melts at 171°, and, in addition ts the above 
generaTmethods, may bo synthesized: 

(a) By passing aniline through red-hot tubes. 

(b) By boiling a solution of o-ph9nylainindazobcm.e&: with mineral acids: 




n nhp.h» 


C.H, 


f >. - 


f c}h»Jnh. 
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It is easily reducible to dihydrophenazine, c.h( ):.h. } >u t 

this, in common with other dihydrophenazines and the corre¬ 
sponding dihycfroacridines, passes back exceedingly readily to th«^ 
oxidized condition. 


IV. OXAZINES AND THIAZINES 

its in the case of the diazines, there are three possible series 
of omzines and thiamines to be considered : 



C \ P 

c-c 

Met > 4 )^ 



,N-S v - 

\ P 

N c—c 


< 

c—c 


,c—c s • 

s 
/ 


(bft'nHhuime At'hnhuun\e /Vi/alhiume 

* 

^imilafly to the diazines, also, it is the para- &ompqy.qds {and 
especially the dihenzopara - derivatives) which arc the most 
important. 


A. Ortho- aiuimtJa -oxazines and -thlazines. 

There are hut few derivatives known # 1 of these four systems, and in most 
cases the members which have Ijpei^,prepared are referred to the reduction 
products of the hypothetical ring narcuts and do not correspond to the fully 
imsaturated ring systems. " « 

No derivatives o£ o/7/mthiazine, radioed or otherwise, have yet been met 
with, whilst the only representatives of the corresponding oxa/ines are 
anliydride-like dfrivatives obtained from the oximes of 7 -kctonic acids : 


CH,,CH,»COOH 

I » 

«.C=N.OM 


yn.—cp 

OH, ' > 

p C ' *** 


These are very similar to the ketodihydro iftoo.ruyilcs (p. 65), and, if suitable 
substituents arc present, they are readily decomposed in analogous fashion to 
these compounds: 


/q4) I yCQOH 

•c{ * t)n ' R «° M V 
n ch„ < 3 h \ NshhOa 

A irio-dthydro-^rlhuvazmc 


1 


^h h on J 

A nitrile acid / 


•/K 

CO CO 

r/jUh. 

An uni iimde 



I ' . 
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Partially reduced mdoxazines and mdcUhiazinrs (known as pentoxazolincs 

and penthiazoliiks, just as derivatives of the*aix-nicmbercd ring homologue of 
thiophene (p. 96) are called penlhiophenes) have been prepared by the action 
j. of trimethylene bromide on acid amides or thiamidcs: • 


» 


• I 

CH S Bp 

CH- + 

UH» Br 


NHj 

of* 


ch, c q 

CH.-O 


CH, Br 

CM[ 4 /OR 

V CH, Br • S' 


CHj— ft! 
CH^ \ 


NjHp-s' 


OR 


The corresponding btunimela-uxautv's and -thittzinrs jpxo produced respec¬ 
tively from acid anhydrides and thiainides iu^H’esqjicc of w-bromo-o-toluidine : 


CH, Br 


c,h; 


v NH, 


4- (R*CO > a O 




CH,-Br 


C,H, 




Vnh, 


Ntfi 


CHj-O 
C,H. | 

'n~c« 


^CH.-s 
C,H, ! 

N~C4? 


C-C - 

‘ M. Paroxazines, S \> .—Here, again, there are no com- 

'c—c ' c * 

pounds known corresponding # to the true azine structure, 

0 • 

CH=rCH ^ 

•nh ^o. The totrahydro derivatives are, however, of some 

CH-CH % 

importance,* and correspond to the piperazines (p. 173). There 
is reason to believe that this reduced ring system occurs in the 
molecules of the morphine froup of alkaloids, and i1» compounds 
have accordingly received Jhe naftne of morpholines. 

The parent member, morpholine, o /•«*, is formed by heat- 

CH,-CH, . 

• ' 4 

ing oxyethylamine with mineral acids or bases. The latter 

12 
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f t c * 

substance is prepared from ammonia and ethylene oxide or 
clilorhydrin: ' * 


CHa-OI 

CH».C| + NH, 


CH a 

0 

C! 




+ i 


CHj.OH 
CH,.NH a 
CHa,OH 
CHa.NH, 


CHa-CHa 

°N 

CHa~CH* 

Morpholine 


The morpholines and bcnzomorpholines are generally viscous 
liquids which can be distilled uiidec„omposed. 

The phenomzimt or dibenzoparomzines are noticeable in virtue 
of their relationship to some valuable dyes, and it may be pointed 
out at this juncture that phenoxazinc (or phenthiazine) and 
phenamine arc not strictly parallel compounds. The discrepancy 
is due to the fact that vhilst ovygen is an element of even 
valency (two or four), nitrogen is an odd-valent element. Thus 

jO 

the true” phenoxazinc would be c,h«* Vh. , or eonversp^.tbc 


actual phenoxazinc corresponds more nearly to dih jdi'ophenazine : 


O / a s NH 

C.m/ "c,„ C.H. /:.» l C,H^ ^CeH, 

"NH NH NMH 

• »■ 

c 

VltenoMnives are formed if, m the |»r*'paiation of plieuu.ziiies by heating 
together o-dioxybenzeiies and o-pl^nyleucdiaimncs, fwimiiioplienols are 
substituted for the latter compounds : 




"NH, 



C. Paratftiazines, \ .—There are no important simple 

e—c c 

or monohenzo-compounds of this gi;oup, bnt as usual the dibenzo - 
series a 1 e of interer*. The parent substance, dibenzoparathiazine 
or phenthiazine, i j Usually known under the name of thiodiphenyl- 
amine , and may be formed according to the general method by 
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heating catechol with o-aminothiophenol, but is usually made by 
heating diphe\iylamine’with sulphur at a fairly high temperature 
(200-300°). The corresponding thioditolylamipos, thiodinaph- 
thylamines, etc., have also been prepared. All are colourless, 
,high-melting, solfd substances. * • 


V. The Azine Dyes 

It has been hinted that phcnuzinc, phcnoxazine, and pITen- 
thiaziue are closely related numerous important dyes, and we 
shall review these in the present section. All of those colouring 
matters are oxy- or amino-derivatives of the dibenzo-azines; in 
other vords, the trinuclear ring-syjftem%dealt with .are of a# 
strongly chromgenic nature, find the introduction of the? auxo- 
chromes, *of' salt-torming IK)-*and NH*- groups, causes , the pro¬ 
duction of intense colour. At the same time it must bo noted 
that in each case removal of tw<j hydrogen atoms (one from the 
“ a u^gc hroine ”«and one from the ring-imino group) ooi?urs before 
colour appears, the simple oxy- or amino-phenazincs being colour¬ 
less ( leuco-bases ). Consequently the development of colour in 
this series is always coincident with the possibility of a {para-) 
quinonoid structure appearing in the molecule. 

The nature of the dyes in question may bo grasped most easily 
dividing them into two main Masses : 


i>y 


f 

A. Derivatives of simple phevg.zincs f c « h *^c.h. 


13. Derivatives of pkenazoniuw , c.h.^ ^c.h. 

n 

C. Conjugated phenazine nuclei. 

Colouring matters are fofmed from the first two of these classes 
in all three series—phenazine, phcnoxazine or phenthiazine— 
by the introduction of the following groups : * 

(a) Hydroxyl , -01?. V 

(b) Amino''or aUcylamino , -NH 2 , -NHR, or -NR 2 . 
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The third class are coloured even in the absence of those 
groups. We thus havo the*following general possibilities:— 


A. (a) 

m 


O 1C6H3^C*Hi 

A 

OeC.H, JC.H. 


Resorufi# n. 

1 bionolt 

1 

r.urhodoli 

A. (h) 

"b 

A 

NHiC.Hj C*H« 

V 



" Naphthol blu«‘ 

1 hiomnct 

Eurhadintv 

u, vo 

/ r <fv \ 

/A 

o;c,n, / c.H. 

N 


1 &C«H, <C«H< 1 

' A ' 

R Cl 

0>C«Hi .C<M. 

Y' 

A 



mini 

Indoncs »nd Sa/ranoln 

, n. ( h ) 

/ J»v r\ * 

nh;c,h s c.h. 1* 

\s / 

l o / 

' A ' *» 

R Cl 

,X 

NH*C e H,£oH« 

A 

A 

nh:c#h, c«h* 

Jn 

R 



I’hfoiiothioniun 

Indents and bifuninct 

0. 

t 

c,h' 

f ' / V/ 


.N ^|H 


0 N 


X NH N 


Tnpheiidioxatinn 


1 lunrindenti 


Most of these compounds are genetically related to certain 
other dyes of ^the non heterocyclic scries, from which they may 
sometimes actually be formed by,chemical introduction of the 
second heterocyclic ring-member. These homooyolic colouring 
matters arc the p-oxy- and p-ipr'no- derivatives ^ diphenylaminc. 

OsC.H.eN.C*H«.OH 0'C,HfT'AC,H«.NH, HNIC»H*N.C«H«NM» 

K \ 

IndiiphcnoN » Indotnilinn Itidamincs 

We will now review the individual classes, the most impor¬ 
tant members in which are indicated above under their typical 
formula?. 


A. (a) OxyflhenazineB. — The dyes of the phcm.Ytv.ine series arc produced 
rom o-aminophenols by heating wi'h oxyw>-quinones (or oxy-o-dihydric 
hcnols; compare p. 178), but more usually by the action of nit.rosophenola 
(qoinone monoximes), or of nitrops acid, upon polyhydric phenols : 


# * 

0£»H#lt-QH + C.H. (OH), 
Nitrosoplunol Rttorclnol 




«HnOH 
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The corresponding sulphur dyes (the thianols) are formed from the thimines 
(see below) when these are heated with alk alica, whilst the 'enrhtxlols are 
similarly obtained from the aminoplionazines ( atr/iodinas) or from o-pheny- 
v> * lenediamines and oxy-o-quinones. * 

The following tatyp includes the most important members of this group: 

Resondin 0:C II .fNO]\C H.,(Ol/).* * Rosc-rcd. 

Gallocyanine 0:C ti IJ(OH)(COOIl').[KOJ.C,.ll .(Nile.,) Violet. 

% Eurhodol 0:0 B rr : ,[N,H].C«H 4 . Scarlet. 


A. (b) Aminophenazines. —Wlym ^-nitrosoanilines and a- or /3-naphthol are 
condensed, dyes of the aniinopliAoxazine group (naj/hthol blur, Nile blue, 
etc.) are produced. 

Again, when ^-phenylenediamines are warmed with aqueous hydrogen 
sulphide and ferric chloride, the important thin nine or methylene blue 
compounds result: • * • 


• • V,NM a 

NH a t C*H4 


*s . 

C«H«.NH, 

S 



HN.C.H 

V 


Hj.NH, 


• • 

Tlieso arc alstj made by treating •thiodiphenylamino with .jtrong^nitric 
■•id; wm ii a mixture of isomeric dinitrodipluMiyhminc sulplumdes is 


ac 

formed : 




SOa 


S • 

These are easily separated, and whilst the iormer yields thionine hy reduc¬ 
tion and subsequent atmospheric oxidation, the latter yields a less important 
dye, isothionine, by the same procedure. Methyhftion of thimine produces 
methylene blue, which is also made according to the #rst method from 
;>'dimethylaminoanilinc, and on the large scale from p-mtrosodimcthyl- 
auiline and sodium thiosulphate. 

Finally, the eurhodines result when amino-/<-diamines are heated with 
o-quinones, or if^-nitrosodimethylaniline condenses with para- substituted 

anilines-: * 

> 


^NO 

(Cr-tjj N.C.H, 
a 


C.HvR 


NHr . 


/ N \ 

(CHj» a NCi.C,H/ yC t H u ft 
'NH 


* I.e, 0 :c * h <^P- h > f om 



182 ,f THIRD YEAR 

% f 

The following have r provcd 
another 


ORGANIC CHEMISTRY 

t 

of commercial importance at one time or 


Naphthol blue * Mf 2 NCl:C B rr 3 .[NO].C , l «lI li 

Nile blue Me..NC , l:C 1) Tf,.fNOi.C J1) lI r) .XH 2 

Cyanimine * Me.,NCl:C«H,.fN01.C lft 7/,.NlT.C (l H 3 

Thionine (Lauth’s violet) •HK:C li ri...[XS].C li ir ; ..NIlo 
Methylene 1.lue - Me,.XCl:C H TJ., [NS].C t( ll,NMe 

Eurhodine llN:0 6 FT. J .[N a JiJ.C B H 4 

Toluylcne red Me.NCl :C ( .TI ;i . [N S TI].C 0 I1.,.NIL 


Violet bine. 
Blue. 

Blue. 

Violet blue. 
Beep blue. 
Scarlet. 
Scarlet red. 


4 

ft. (a) and (b). P/iaunmiiuni Di/n$. —T$o derivatives of phcnazooxoniuiq 
have yet been prepared, but a series of /S’-phonylphenazothionium compounds, 
although of no commercial value, is interesting from analogy with the indu- 
lincs and safranines. 'When ( tlic abovc-uientionod dinitrodiphenylaminc 
sulphoxidcs are condensed* w/th phenols in strong sulphuric acid solution, 
green Coloured salts of the following structure (1) are formed, whi ch give 
purple-red anhydroltascs with alkali < S II):< 


NOa.C.H 3 ^ ^ibHjJVO, 

A 

R Ci 



On reduction, these give deep blue dyes pf the formula 



The indnlines and safranines d^re exceedingly .important colour¬ 
ing matters, some of which umo been known t6i a very long 
while. Both are derived from' 4 amino-Xphenylphenu~onivm, indit- 
lims being mono ami safranines the symmetrical t/i-amino com¬ 
pounds. It^i.% necessary to remark here that A T alphylphen- 
azonium compounds are not, generally speaking,« dyes; the 
presence of an aromatic substituent seems necessary for the 
production of intense colour. 

Jndulines are made by beating piaminoazobcnzcnes and anilines with 
acids : 


NH C.H.' 


4 


! + 


4- 

NHj.C.Hs 


INI *C#S. 


HN.C.H^ CbH« 
¥ 

* b* h . 


+ NH, 


and by condensing phenyl-r diamines with amino-o-qumonos. 
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Safravines are formed when jp-plionylonediamiueswid anilines are oxidized 
together by chromic acid or bleaching ponder; in practice the exact pre¬ 
liminary amounts of each constituent are ensured by preparing the mixture 
by the reduction of the appropriate aminoazo-com pound ? 


NHa,C*tfc> N=N ,C,H« 

% 


NH»C.H 4 ftH a + NHa£.H« 




a H4J4K 


JH=C.H«mX5,HJSIM, + c«h*nh^ 

Indtiminc 


NHSCtH^ C,Hs.NH f 

Vc.H. 


They arc also made on a similar principle from >u-amiuodiphcnylamiues 
and p-phcnylcnediaminea when a mixture of these is oxidized : 


NH, 


• • 


NH a . C,H« C*M4 .NH.CoH| 
NyH-CoHs 


HNSCfcHj C,H,.NH.C b H 5 

V 

• t«Hj 


As will be seen from the appended summary, some of these 
derivatives were the earliest ljhown “aniline dyes 5 *; it is ira- 
poSsdde here to enter into the details of the researches involved 
in establishing their constitution, and it can only be said that, as 
soon as the structure of the triphenyl methane dyes (also produced 
in the oxidation of anilines) was settled, the preset problem was 
attached by E. and O risoher, Nietzki, Caro, Bernthsen, and 
many others. Whjjs^the main outlines of the question are now 
known with 'faulty, the d«ta*ls of the constitution of the 
different salts obtainable trom e*ch compound (for, according to 
the amount of acid present* several weU-dcfwied series of red, 
green, or blue salts are produced) are still Igyng debated by 
Ivehrmann and others. * 


huluHnes. 

ApoSafrauino, IiN:CViH:;:(N 2 f. H ir s ).*/’,jJl 4 Red. 

Naphthyl violet, 1IN:* ' J0 B.'ff(NVJ' ) in.-,).t 1 iiilJ ! ;.Nll.C 1 ( jlTr 1 Deep violet. 


i€- 


M 

HN 5 C«|Hi 


NC«H» 


1 . 
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tfitfcanines. 

Fuchsia, Me.,N(Jl:C ti iI; ( :(N 2 C fi H r> ).C\ i FF a .NMc 2 
Amethyst, Et 2 N^l:t) fl JI ;i :(N. 2 0„Hn). t\.H 3 NEt 2 
Safranine, HN:CV,H 2 Me:(N..O ti H 5 ).C (i l 1 2 Me. NI U 
Mafrvine, JIN:L , nl£ a :(N 8 U | . 1 H s ).C u H a .NH.C a Jf < 

Indazine, Mc% J NGl:CJI :! :(N/;jr r J.C (1 H :1 .NTI.C ( ;If, 
Magdala red, I1 N:(J j0 H 5 :(No(- 10 H 7 ).C 1() H 5 .NFT 3 


Reddish purple. 
Purple. 
Orange-red. 
Purple (Perkin, 
1856). 

Purple* 

Crimson. 


Intones and safrcinoh are made, like the thionols (p. 181), by heating the 
corresponding induline or safranine with mineral aci<ls. They are not now 
of great commercial value. t l ' 

C. Cuvjv(jated Phenaunes .—These are produced by heating the hydro¬ 
chloric acid salts of^o-aminophenols and o-plienylenediamiiies respectively ; 
their formation is due to it^oruudccular oxidation and condensation: 


.NH, /OH 

' ~ h. »- 


C.H/ + C.H, - 

Noh nsh. 


yNH* 

' *+ C.H. 




l« M 
V NH, 


Ac./ OH 


C - H </ 

n 


>NH 

NH, 


i- e4\.H< 


NH* 

> + p.H. 

HO 


NH, 

C.H. 

NH, 


(Tnfihcmi Murine) 

Ac • A ' 

V 

, 'n6 

(F-luuri 


C.H, ^C.H, .C.H, 

V 


Tliese are deep green, stable compounds, with a brilliant red fluorescence, 
but aro not much used in dyeing. It should be remembered that the 
tinctorial value o^' all indulines and safranines is much increased by their 
beautiful fluorescence, which varies, aceortlingdo the compound, from green 
to violet. \, 


VI. Tin azines a nd Tetrazines 


We have, in conclusion, to consider the derivatives of pyridine 
in which two, or threo of the ring rndlmie groups aro replaced by 
nitrogen atoms, and which are known as triazincs and tetrazines 
according to the total number of nitrogen atoms present. 

Obviously^ there are three possible ring-systems in each class : 


Triazines : 

SF—CH 

' V N=CH 

^ rC v , 

CH X CH* 

n n=n" 

CHrCH 


Cyanidinc* 

f »-Tria«nc* < 

/f-Tnannes 

Tetrazines: 

* 

CH=.CH 

/V/ 

<v » 

" —CH 

KhJ/) 


OttttclnmiKa 

Tctruinc 

\_/ 
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The only series of any importance is the first of these, the 
cifanidincn or xf/mmetriral-triazinr'S, whicTi are very closely related to 
hydrocyanic acid and its polymers. AVe shall deal at some 
length Avith these compounds, and then briefly rcvieAV the 
•remaining groups • m • • 

Symmetrical Triazines.— It is well kucuvn that derivatives of 
prussic abid exist corresponding to both structures : 

' (i) II.C : N (u) H.N ! 0 ; 

Hydrocyanic acid. « Isohydroeyanie acid. 

m 

that Avhilst the alkyl compounds* of (i) are non-poisonous, the 
free acid and the alkyl esters of (ii) are exceedingly toxic. 
Moreover, if vve consider the more*oxi4ized cyanic and thio- 9 
cyanic # acids, Ave again encouiftcr tvAo sets of compounds m each 
series: * * • * 

(iii) Ti.O.C : N and (iv) R.N:CO ; (v) R.S.C • Nand (vi) R.N : CS. 

(/yanates. . Isocyanates. Thiocyanates. Iso thiocyanates. 

By the action of halogens on prussic acid or its salts in the 
cold, the cyanogen halides, CNC1, CNBr, and CN1 arc formed; 
these are poisonous, irritating compounds, Avhich all melt and 
boil below 60°. If tliev .<re heated under pressure, or if the 
halogens react with pryfcsic <*cid at higher temperatures, polymers 
of these compoundsdWilt, in Avlhch*three molecules of cyanogen 
halide arc cflftuen.ied together, -1 It will appear shortly that tho 
pulymerides, which are insoluble solids of Ini'll melting point, 
arc realty trilmlotriaiines ; for*example : * 


ytt — aCl 


& 


cfcl 


1 riLlihiiodf >ini 


Now, ay hen a mixture of an acid nitrile and an acid chloride 
is treated with aluminium chloride, alkylic derivatives of the 
triazines are formed : • • 


HCOCI 


RC 




'N=C «R 


rc.fi > 


IV 
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They are also formed when aroidines of the aromatic series 
are healed with acid halides or anhydrides ; for example : 


/ NH, 




NH + H,N-CC.H» 


C.H*. <^ N ^ 


Triphenj/ltria:me (IriphenfilcyanidAne or n/anphenine) Svas thus 
prepared more than fifty years ago. f 

Jn this reaction carbonyl chloride may be used instead of an 
organic acid chloride, and then an wytriazine is formed; whilst, 
if urea and carbonyl chloride are similarly heated together, a’ 
irioxytriirdne must be produced : * 


4 


# 


✓nA, ooc., 

HO.<^ ' ,NH 


NH H a N, C—oh 

f 


/i=rcrf>H 
\|-CiOH. 


I 

f P 


As a matter of fact, the compound formed proves to bo 
identical vfith cyanuric arid, obtained in the distillation of uric 
acid' (Sclfeele, 1780), by polymerization of cyanic acid, *oT by 
heating the tricyanogon halides with alkalies. Cyanuric acid 
may also be converted to tricyanogen chloride by treatment 
with phosphors pentachloride. Tli^s establishes the structure 
of the trioyanic or cyanuric acid derivilvves as oxytriazines. 

* t 

Dianiinotriazines arc similarly tyWuccd by distilhu;*?;,of guanidine suits 
with oigame acids: 1^' * 

* / tyH* OC-R ' /IZZIcy 

NH a .rf 1 NH OH *—*■ NH».C S /H * 

* NNHi NH^NH, Nd—C&IH* 


A:infs of two kinds are known: the first are esters of cyanuric 
acid, formed from its halides and sodium alkyloxides. 

If, however, an alkyl halide is heated witli silver eyanurate, a mixture ot 
those esters «nth higher melting isomeric products is produced, the latter 
being derived from hypothetical ixun/afuiric aqid, which is related to cyanuric, 
as iso-cyanic is to cyanic acid : 1 

t i 


HO*CsN 

Cyanic Kid 


/ 


N—COR 

R ObC' 




n n=c6r 

Lyamiwte* 


HN-CO 

taocyanic acid 


^NR"—CO 
ftCO Jnr 

Nr—CO 

Isocyanuntn 
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Corresponding to these we have fhioc>m> uric acid, formed ft mn Uicyunogcu 
chloride and potassium hytkosulphide, K.Slf, and its esters, .similarly formed 
from potassium merca})tides, K.H.R., ajid by polymerization of alkyl thio- 
- cyauates; whilst a second series of isomeric esters (from the unknown 
isolhiui jianuric a< id^ result when the alkyl isotliiocyanates (mustard oils) 

■nnl vrnttri'/.e : * • " * 


> polymerize 


MSCPW 


Thiocyamc acid 


M —OSR 
RS.fr ^ 
"Nr=CpR 


• • 


HN=CS 


_,NR—C5 
C:S* >LR 
NR-CS 


Thi 


Finally, the amides of cyamirfc acid must be mentioned ; the mono-, di-, 
and tri-amides (and esters of the corresponding imides of isoeyannric acid) 
are all known : 


x n-c-oh 
HOC' n 

n n=:o*6h 

C jchJ 

I rmv» tru/mc 


.N-C-9H 
NH a -0' N 
n N=C»6^ 

Am m chdc 
Amidoiiioxjtnaiilfe 


N—C-NH- 
NH a *0^ «N 
N N±3>dH 

^mmcline 

DumJoo'tjrtiiiiint 


NH 


* 'NISOtfHj 

Melamine 

Iriamidoluaaine 


^NR—CO 
CO N.R 
N NB—CO 

I £ .ocv<in urates 


^NR—CO 

HN£ 'njr 
'mr—go 




X N-R— CJMH 

An:© 'mr 

• \ / 

MR—CO 

hoanimtlines 


^N-R— CJMH 

hm:c #s nr 

Iscinielmm *•» 


Mchinuitc is made from cyannrio chloride and ammonia, or by polymeriza¬ 
tion of cyanamide, CN.N11,,; ny boiling with water it ftjjms a mixture of 
mn incline, am-nulide, ami rr ,nrv-acid. A1 kyl melamines, ummelines, and 
‘ammelides are produced l^tlie action of amines on the tricyanogen halides, 
and the isomeric a/bj iaomdahiines art* formed when ulkylcyananiidcs, 
f’N’.J'iHR, poly.vu'lize. # i * 

Mrhminr. and moro complicated "products (formed by elimination of 
ammonia from two or more mol#>ules of melamine, and known as melam, 
melon, and mdlun) are produced when ammonium thiocyanate, N1I,.S.C:N, 
is destructively distilled. * 

a- atid ft-lv'imiitcs.' Simple a-tmziwes have been synthesized from serni- 
carbuzide by condensation with a-diketoncs : 


R..CO 

1 

R.CO 


MMj.HN 


s 


C.OH 


HO.C 




M-QR 


M 




and monoienzoderi vatives of tjjjis systejn result from the reduction of 
o -ni trop henylacylhyd razin es : 



CftH« 

NH.NH. CaR 
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These are stablo, crystalline, yellow compounds, as also are their colourless 
(lifti/drmhu'imliveSy produced from o-aminoazocompoumls and aldehydes: 


nHj + crto.R 


c/ 

C ^N»N.C*H. 


C*H 


/ 


NSCHR 


*'N=NjC*H» 


*-T _i 

(- 'hu—N. 


'nh=n.c.h. 


Analogous dlhijffrobenzo-fi-tricnines arc formed from o-aminobeifzylaminos 
and nitrous acid. These are less stable than the o-triazines. 


yNH, 

C»H,^ 

'CHj NH*R 


HN0 2 / yMN-OH 

'CHjN.I'R J 


,h.H 

CHz-N-R 


,CH— 


Tetrazines.—No berivatives of the system ^_^ cH have apparently 


CH— CH* 


been obtained ; the osotelrazinis t/ are represented by th«:r dihydro- 

v Nr =N / 

compounds (osoiHrazones), which arc made from a-diketonediphcnylhydra- 
zones, and readily pass into triazoles (y. 7<S). 


R.C-N, NH.ClH, 
R.O.-N.NHjD t H s 
e 


R.O-CJ» 

> 


Ml'l 


ClH^.N -NJC^Ha \\ Ucd 


ac —or 

II || + C fc H 5 NHj, 

N N 


,ch-n v 

The symmetrical teh'/r.inrs, **/ } are rao^:numerous, and are formed 


V 


N~CH 



by the gentle (atmospheric) oxidatiop of the corrospoinli^ililiyrlrocompounds, 
obtiiiued by condensation ofhydrazinr with inline ethers : 


NH + NHj. Nip 


a,c= 

OR’ NH 

I 


» NH 

! * -P R’O— o^R 


wS 


9®=“y 


From flic deep red colour and fluorescent nature of these tetrazines, it 

may well be tlA.t their formula is,really \ . 

% n n=c^ 

*• f 

Diketotetrahyd t■otetrozinrs (urazines) are urea derivatives, formed from 


hydrazine carbamate and hydrazim: 

N 

/NH.CO.NH, 


NH, 

\ 


- NH 
co 



CHAPTER X... 

# 

^THE PURINES AND OTHER CYCLIC DERIVATIVES 

OF UREA 

0 

* 

I. The Proteins 


T IIE tissues of animal bodies arc # eom posed* to a large extent 
of a numerous class of v^ry complicated organic compounds, * 
termed ^oleins* The molecular magnitude and the general 
chemical structure of these * substances is at present but im¬ 
perfectly known, but the products into which they break down 
fcy means of fermentation or chemical hydrolysis have been very 
carefully studied during the past thirty years by various 
workers, and most, notably by Emil Fischer. It is found that 
the proteins may bo classified in four main divisions according 
to the decomposition products which they thus furnish : 


Xucleo-prolcids . 
Nvrlco-tdbnmciT . 
Glf/co-jirolcins 
Lccilh-albumens . 


o 

if pin Products of Jjcaw position. 
Protects^ phosphoric acid, and purines. 

phosphoric acid, ami polypeptides. 
,, phosphoric acid, and sugars. 

*' and lcci£lum*hnixed glycerides of 
phosphoric, tfearic, and palmitic 
acids). * 


The nature of the proteids which are also formed in each case 
is still uncertain ; they are very complex nitrogenous bodies, to 
which the polypeptides are probably nearly related.* 

Our purpose, however* is to discuss the simpler products 
formed, and in succeeding chapters we shall deal with the 
polypeptides and the sugars , whilst we now proceed to give some 
account of the purifle or uric acid group. . 

Fischer has shown that these compounds (Wany of which are 

189 
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frequently met with in products of the animal metabolism, 
whilst some.are also found/ but less often; in certain plants) may 
all be considered as derived from a substance, purine (I), which 
is to be looked upon as a “condensed ” heterocyclic system made 
up ftf a pyrimidine (metadiazine) and a»gly'oxaline ring (II),, 
just as, for example, quinoline is a “condensed” riug-rystem 
from benzene and pyridine. If now we imagine a trioxypurinc 
system (III) to be broken up by the addition of four molecules 
of .water, it is easy to see that the resulting products (IY) are 
tautomeric forms of urea and oxycarboxylic acids (V). 


CH« 


7 

>CH 


C» —NM , 

| )tH» 




>n 


CH-NH » 


!>i) 


OON 

I I 

HO.C C—u 

V 


lli> 


a 


>- COOH 
t NH, ' b-OH 

‘I +11 + >.OH 

C*OH HOiCjOH MM' 
N NH 

(IV) 


COOH 
NH, \ 

, . CH<OH» NH, 

J * V 

.NH. ^ ««■ 

(V) 




A glimpse iftto the mode of union of the purines with other 
protein constituents is allorded oy thbi knowledge of their 
general structure. It is knovfn that gly6 v alines and purinos 
which possess the free imiAo&group coudeiise^ : th aromatic 
diazocompounds and form coloured diazoimino derivatives Con¬ 
taining the groupings - NH - N = &.C 0 II f( , but on the contrary 
purines whop 'combined with phosphoric acid in a protein do 
not do so. Consequently it is assumed that they form, phosphoryl 
compounds of the type = N-PO(OR) 2 . Moreover, the nueleo- 
proteins break down much more readily in presence of mineral 
acids than of alkalies, and 1 a similar behaviour is shown by 
synthetic phosphoryl derivatives'of anvues, R.NH.PO(OH).R. 

Returning to the discussion of the purines themselves, we see 
that, in addition to what may be called the heterocyclic con¬ 
ception of their structure, tney may also bb regarded as con¬ 
densation product of two molecules of urea with an oxy-acid. 
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As a matter of fact, tfie bulk of the experimental work on 
purines has been conducted from this standpoint, and therefore, 
before describing the naturally-occurring member of the group, 
we will refer to the analogous compounds derived from urea 
#nd its congener? by* the action of different types of organic 
acids, ’ 


*11. Simple Condensations of tiik Amides and Imidxs 

OF'C^uiiAMio Acid 

* It is assumed that the reader is* already well acquainted with 
the nature of the amide, CO(NH_,) ; , (urea) the thioamide. 
CS(NII y ) 2 {thiourea), and the imide, UlS’^fN if,^ (ymnidine), of 
the unknown caibamie acid* NlL.COTOJt, and the reactions 
now to b» described are onlv those bearing on the subject of 
this chapter. It will accordingly sutiice to deal with the alkyl -, 
and alktjlene , and an/l-ureas, thiuvreas, and (fuanidines. , 

' • ’ # • • 

Alkyl Derivatives. —Tlic.se are produced by heating isooyanie or isolhio- 
cyanic esters, or cyanamide, with amines: 

CO:NEt f- HjN.lt -r K.Nll.CO.NHEt. 

CSrNEt i- HjN.lt > It. Nll.CS. Jill El. 

JIN:C;N1I -I- li-jN.# -> R.N1I.C(:N11).NIL. 

r 

Tin* urea compounds arc also fornfbd •when chlorourca (i/mi rhforuic, 
(Jl.CO.Nllj, rmglc from ammonia and % otss of carbonyl clilorido) acts upon, 
amines. Simple alkyl ureas arc very similar to urea itself; they ftre well 
crystallized, and yield monobasic sjglts with strong acids* 

Albjlenc Derivatives. —These are more interesting than the former class 
(which they closely resemble in ordinary properties) by reason,of tbeir cyclic 
character; all^ylcue guanidines, however, have not been synthesized. The 
members of the other two series result when alkylenediamiiies are heated 
with carbonic or thiocarbonic esters, or carbon disulphide: 


/ 


OEt 


NH, CH, 


.1 

J — c'o 

• 1 

NH».CH, 

S NH— 

• 

• 

nh„ch. 

NH—CH, 

1 

*-*• °{ 1 

*H, CH, 

NH- oh. 


CM, . 


CS* + 


I 
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<■ c t 

Moreover, urea unite? with aldehydes in the cold to similar, but tetratomic, 
ring-systems. 4 

/NH, nh 

CO ■+■ CHOJ* »-*• C £ 

Nnh » nh 

* » " 

It will be noticed that «tho five-mcmberod rings are ketotetydiydro- 
glyoxalinrs. „ f 

It must not be forgotten that all three amide derivatives ’of 
carbarnic acid can react in two forms, for example, NH y .CO.NH 3 
(urea) and HN:C(OII).NII 2 (^-urea), and appear frequcntlv 
to display the latter constitution in the more complicated 
transformations pf the purine group. 

i 

Isomeric alkylene ureas and thioureas of the ^-smics are well known, and 
are formed when « broinoalkj lamines act on cyanates or diitwya^s tes : 


OK Br-CH, 

N=<r + 


NH<t1h, 


O-CH, 

NH=<£ 1 

wH—CH, 


Acijl JJcrivutices. —In the case of urea, these are known as urcidcs, and 
some of these are very closely related to uric acid and the other purines. 
They have boej) prepared by simply heating urea or thiourea with acid 
chlorides : 

NII a .CO.NlL^ R.CO.C1 j NIL.CO.NJI.CO.R. 

The same acyl thiourea is formed* cither by this metluvA or by heating 
cyauamide and thioaliphatic acids : 

R.CO.SI1 l ISC.Nib. -> ' R.CO.S.(HN:)0.NIL, 

o 

and it is tlieroiore believed that the acylthiourcas, ai all events, exist in the 
pseudo-form. 

Amino-aliphatic acids and cyanamide give analogous products, the 
guan tides, for example, glgcucyaminc (guanidoacctio acid): 

NH*CN + NU a .Ctt.C0.01I fl Nir a .C(:NJT).NH.CH 2 -C0.0ll. 

Certain of these compounds merit individual mention. 

Ur&> T es from Carbonic Jcui. —These are interesting, since urea 
itself is the diamide of carbonic acid, and because they are formed 
from urea by p/rocondensation, and so help to illustrate the 
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manner in which the more complex condensations of that 
substance and its allies may take place. 

* 

When cyanic acid is warmed with alcohols, esters of the unstable 
alfopJuinv- arid, NTfc.CCyNH.C0.01l, are produced, . # 

CO :mj j + < CO:NH + R. OlHHXhNH + N H 2 . COvC R-^NIL. CO. NH.CO. OR, 

an«l these aVe also the product of the action of thionyl chloride on carbamic 
etstcys {urethanes), 

N H,. CO. OR SOClo + NII., CO. OR->N l L. CO. N11 .CO. OR + SO, •) 

r.ci i yci. 

The esters are stable, high-melting solids, which, by yie action of ammonia, 
yield the amide of allophanio acid or biuret {also jnade by heating urea, and 
recognized by its purple copper sajj): * 

Nfft CO.NH.CO.OJU-NH p-NIL.COjNll.CO.NTL 4 R.OII, 

NH .CO.NH,-t NII a .CO.NH a -= NIL.CO.NH.CO.NIL + Nil,. 

Finally, by heating urea and carlfimyl chloride under pressure at I00 rj , 
larih/iiirf diurea, which is probably also produced to some e\tent when urea 
is heated alone, results : 


NIL.CO.NIL + CJ.CO.C1 ! NH,CO.N IL- NIL.CO.NH.CO.Nil.CO.NH a 

H IfCi • 

i i 

Some of the yunneides arc also of especial interest, owing to their occur¬ 
rence in animal juices, notably nrit/.iftr, N H,.(IIN)‘C.N.(Cll.;).ClL.COOII t 
from meat extjpcls, which has been s>ltticsi/ed from cyanamidc and mctliyl 
glycocoll (compaie ylyeu> yautine above*: 

Cl.ClL.COOlI + ClL.NHo—> CHj.NH.ClL.C00Hd CN.NIL-^- 
NH.,(HN) :U. N(CH.j).Cllo. COOII. * . 

It is a neutral substance which passes into a betaine-like derivative on 
heating to 100 J : 


NHi.(HN):C .NtCH,).CH,.COOH 



• • 

This compound} matiuine, is strongly basic; with weak alkalies the imino- 
group is replaced by •xygen, yielding vtethylhydantoin (see below). It is 
found in mammalian excreta. \ 

13 ' 
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Ureides and guaneides are resolved into their constituents by 
boiling with aqueous potash or soda; thus 1 : 

NH 2 .CO.NH.CO.R—> 

NH.,.CO.NHj + II.COOH; NH a .([IN):C.N(0H ;J )C^ 2 .C001I—► 

* N IL.CO. KHo -(- CH,. NH. Clf 2 . c6oil. 


III. Cyclic Ureides of Oxyacids and of Dibasic Acids 

The cyclic condensation products of urea and guanidine with 
dibasic acids are of much importance from the standpoint of' 
purine chemistry, bocause certain of them, especially parabauic 
acid, alloxan, and hydautoiVi, are so frequently produced when 
uric aqid or other purines are oxidised. 

t 

1 .. - 

<( t 

General methods for their synthesis arc : 

{a) The interaction of mea and suitable ketonic osiers. 


. / NH » ho.9*ch, 

CO *■ yC H 

N NHa EtO.CO 


NH - C.CH, 
CO X CH 
NH—CO 


Urea Acrtoacctic ester 


Met In I maul 


[b) The. actic/ji of ammonia on hroniacyl uieas. 

t 

yNH, f NH, y NH—CH, 

CO ■»—l- CO J + 

N 'NH.CO.CH,. Br * , ”H—-CO 

Hrf>iuoavrtylurca llydjiitniii 


NH 4 B p 


(<•) The action of phosphorus oxychloride upon a mixture of uvea or 
guanidine- md dibasic acids. 


/NH, 

CO 

n ‘NH 1 


QOOH 

^CH, 

COOH 
Milonic aud- 


X NH -CO 
C ° ) C H, 

NH—CO 


Kir 


The cyclic ureides are fairly' stable crystalline compounds, 
with markedly acidic functions, as would be antieipated v *from the 
prepeh' o of several contiguous carbonyl-imino systems. The 
following table includes the chief ureides which have proved 
useful in elueidat/lig the structure of the purines. 
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flydantoin Glycollylurea* 

Allantoin Glyoxyldiujia 

m 

Uracil Oxymethylenc- 

acetyhirea 

Methyl uracil Acetoacetyliiioa 

Parabanic acid Oxalylurea 

Malonylgiutni- — 

dine 


/y . Formation jrom 

„ • Generators. 

/ih—ch,* t urines. 

co j Urea and glycol lie Keduction of 

v nh— co acid allantoin 

/ NH~CKNH.CO 

cp I NHj Urea and glyoxylic Oxidation of 
nh— .co arid * uric acid 

.NH-CH 

n 'ch • - 
'NH-c6 

CO j3H 
NH—Cb 
NH“CO 

cp | Urea and oxalic Oxidation of 

acid alloxan 


°X° 


(Hypothetical) 


Urea and neetoacetic 
ester 


hn: 


/IH—CO 

Voh 


Guanidine and 
muonic acid 


Barbituric acid 

Malonyhirea 

NH-CO* • 

•°? S CH ’' 

'nh —co 

Dialuric acid 

Tarti onylurca 

• /IH—Cp 

CO CH(OHi 

NH—CO 

Alloxan 

* 

Mesoxalylurca 

.•H-CO 

co' ^CO 

NH—CO 

Violuric acid 

Alloxan mon- 
oxime 

NH—CO 

CO • C=NPH 

NH—CD 

| Dilituric acid 

Nitrobaibituric 

aoid 

✓“H-Cp 

CO CH-NOa 

'nh _co 

|Ui amil 

Aniinobarbitiiric 

•acid 

C P ,cjt NHj 1 
i>w —co 


acid 

Urea and mi 
acid 

(See below) 
(See below) 


alloxan 


The transformations of the last half-dozen compounds are 
especially important with # reference to purine syntheses, and 
their mutual relations are indicated in the following diagram : — 


NH-CO 

°§ L 

'NH—CO 

finbanic jcitl 





/IH "C^ 

CO /CHa 





'NH-cb ^ 

*0 




Hjibilurn and ^ 

1 l? 


/IH—' cp 



*,NH—CO 

.*52 

CO /H(0H» 

'NH—CO 


1 KNO, 

CO CHJVO* 

n NH—CO 

. W . 


Jialuric J< * 

1 

N 

T 


T rcjuctiii# 

• 

^-^ 

1 rrilm non 


m 

. NH-CO 

co co 

n nh-co 

NH a OH 

.NH-CO " 
CO ,C=PLOH 

'nh-co 

T 

NH—CO 

CO hrtNH, 

NH —CO 


Alloun 


Violuric oud h 

I'rafinl 
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* » «■ 

Boiling alkalies break the cyclic ureidcs up into ijrea and the 
respective acids, but if baryta is used, only a partial hydrolysis 
occurs, and a monocarboxylic acid is formed which is at the same 
time basic owing to the presence of the resulting amino hydro¬ 
gen ift the group, NII 2 .CO.NH-. Thus we f have oxalunc acid, 
NH 2 .CO.NH.GO.COOH, • from parabanic acid; allamni$S&cid, 
NB 2 .CO.Nil. CO. CO.COOII, from alloxan; and ylycoluric acid , 
NH 2 ,CO.NH.CII 2 .COOH, from hydantoin. f 1 

"When alloxan is reduced by mild reagents, a substance, alloxan¬ 
tin, results, which may. also be obtained by gentle oxidation of 
uric acid, and which probably holds a somewhat similar relation 
to alloxan as that of azoxybenzene to nitrobenzene. 

«> 


^H-C^ ^CO-KH 

€i$> co + co 'fco 

MH -co N CO_NH 


C NH—CO O CO—NH 

do c „ 

n NH-CO Co 


NH 


S' 


* CaHg. NO* + NO a .C,H» 


C«HjiM 



NkCfiHb 


4 


Oxalantin is similarly produced from parabanic acid. 


IV. Uric Apn> 

Uric acid is an insoluble Vflite granular powder, normally 
present in the excreta of animal?, birds, and snakes,'"and also in 
the juices of flesh-eating mammalia. Owing to its sparingly 
soluble nature, any temporary excess of uric acid in the organism 
tends to be deposited, either in the joints or in the form of small 
nodules (“ gravel,” “ stone,” etc.). Its separation is attended by 
considerable pain (gout, rheumatism, etc.); to allay this, it is 
frequently sought to remove the acid by an appropriate basic 
medicine; the sodium or ammonium salts are also sparingly 
soluble, but those of lithium or ofr certain organic bases 
(especially piperazine (p. 17^) arid ^vsidine (p. 73)) are freely 
soluble. 

Uric acid w r as first characterized by SchSele in 1776. He 
found it to be the^bief constituent of the “stones’^ sometimes 
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• • • 

formed in the bladder, proved it w^s an acid, and discovered a 
characteristic test for'ifc, the murexide reaction. 

m 

If uric acid is evaporated to dryness with nitric acid, a yellow substance is 
left which, with a&niofia, gives a violet salt (murr.quic), • 

J^gme fiorty years later, Prout isolated my re,ride (the ammonium salt of 
purpiitie, acid) more definitely, and much later still it was shown to possess 
the formula CaHvjOflN,;, HaO, and to be formed also when alloxan and 
•uramil were mixed in ammoniacal solution. The free purpuric acid is, how¬ 
ever, unstable. m 

Prout also showed that, by oxidation of uric acid, alloxan was 
formed; whilst about the same time Wohler noted that upon 
dry distillation uric acid gave amm<jnia, # carb5n dioxide, eyanuric 
acid, and urea. These prejjminary observations were completed 
when I^ebig and Mitseherlich determined the empirical formula, 
C- ( H 4 N 4 0 3 , and obtained by*oxidation under different conditions, 
allantoin, urea, and alloxan. 

The next contribution to the problem was by Bagyer^nd bis 
students (1860-1870). He is mainly responsible for the know¬ 
ledge of the mutual relations of the cyclic ureides discussed in 
the preceding section, and he also found that— 

• 

(a) Uric acid, heated wifch hydrochloric acid at 170°, gives 
ammonia, carbon dioxide, and,, gly cocoll. 

(h) Uric? acid, oxjdi;;ed by* chlorine water, breaks up into 
alloxan and urea. 

* . * 

About 1870 Medicus discussed some twenty possible formulae 
for uric acid, and summed up in favour of : • 



• • 

In the meantime Baeyer tried to apply the knowledge he had 
gained to a synthesis of uric acid, but only succeeded in obtaining 
a pseudo-uric acid, containing an extra molecule of water, which 
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I 

he could not eliminate. 'Jhe following are the steps of his 
synthesis: 


/NH a 


'•NH, 


Urea 


COOH 

^CH, 

COOH 

Malonir acid 


poci. 


.NH—CO 

4 > H> 

NH—CO 

ll.itl»iturii acid 


KNO, 


‘CO 

N 


I, 

) CO f c: N.OH 
NH—CO 


red uu urn 


Vitiluriv arid 


^NH—CO 

CO #, CH.NHj + COJNH 
rlH—CO 

Umiml Cyar,ur,ca<,d 



iMJru and 


f Horbaczewski next e^Fectod syntheses of uric acid .itself (of 
little theoretical interest^ by fusing up urea with glycocoll or 
substituted amino-acids. ' A more, satisfactory 'synthesis was 
achieved in 1888 by lSehrend and Roosen, who started from 
methyl uracyf: 

v'NHj HO.t^CH, ^H-CjCHj HN0 3 * 

CO + ^CH CO \}H 

^ NH, Et O.CO X NH-CO 


Urea Acetoautic tiler 


Methyl uracil 


,NH-C.COOH htlt 

C P % M 0» « 
wh-co 


/NH-CH 
CO ^C.NOa 


'NH-C 


6, 


, .NH-CH 

re,hi / V .. 

»—► co )&nh, 

S NH—CO 


HNOn 


led 


NH-CH 
CO ''b dOH 
\lH—CO 

Otyuracd 


< 

bromine viatcf 



C 


^h-c^oh 
CO C.OH 

n nh-co 


l>odhl'i,K and 


+ 




CO 
/ 

NH, 


Urea 


h 2 so« 



C-NH 

II '< 


0.0 ,* 
n NH 

ll'ic acid 


At .about this time E. Fischer turned his attention to the 
purine group, as he termed them (p. 190), and showed that their 
constitution could be determined by oxidation (with chlorine 
water), and methylation, and ^confirmed by synthesis. c 
He foir.d, for example, that by methylation of the lead or 
potassium salts of uric acid with methyl iodide, five mono-, six 
di-, four tri-, aud one tetra-methylurie acids could be prepared, 
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in accordance with theory. He es^iblished the constitution of 
all these methylated'acids by oxidation into different methyl 
alloxans and methyl ureas, and further supplied the last step in 
Baeyer’s uric acid sjjithesis in 1896, when he found that ^-uric 
or -v|/-methyluric acids gave up one molecule of water "when 
headed with anhydrous oxalic or hydrochloric acids, yielding the 
corresponding uric acids. 


nh ch—nh 


I I 

CO Ct 


I . 

's ' C ° 
NH 


/ C N 

NH C- 

1 II 

CO «_ 

s nh 

I’jm acid 1 


HOA 
& c— nh 

N f \ II HOrf 

P° 


■ n6 


l-ric acid II 


w W 

Moreover, whilst the meihyl derivatives were shown^in alt 
cases te«be Authors, he suggested that the acidic and hetero¬ 
cyclic nature of uric acid was better illustrated by the tautomeric 
structure II. # , 

JMore rcceiftly (1901) W. Tfaube has furnished another kind 


of uric acid synthesis: 



/NH, 

CO 

% NH, 

C0 V 0H POCIj 

+ *“*“ 
CN 

^NH“Cp 

CO /5H, 

NHa C N 

NaOH ^NH—CO 

CO )ch 

9 NH-CMHa 

Urea 

0 

Cyasacetic acid 

CjanaccH 1 ur< i 

iViiimourii.il 

HNO„ 

NH—CO tcduclion 

CO J?*° 

';NH*-C9 

CO • A5-NH* 

• n nh-c^h« 

4- CyCOOEi 


NttrosoaimnouraciL 


NaOH 


NH—Cp 

CO ^.CJMH-COONb 

'nh-cnh. 


Uummourai.il 

beat 


t-hlnrrarbonic ester 


CO A 

NH VV 

I II ?° 

CO -NH 

YdH 

Uric acid 


V. Other Pujiine* Compounds 

0 

It regains to describe t^e nature of the remaining naturally 
occurring purines, and to this end we will consider three 
individual members, which are typical of the rest, namely, 
caffeine, xanthine ,, and guanine . 
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i t > 

It may first be mentioned, that Fischer employed the following 
general methods of analysis and synthesis : 

ft 

I. Analysis. \ t 

(i) When not previously known, he determined the number, of 
iV-mcthyl groups‘by the Zicrel method. 

(ii) He examined the substituted alloxan and urea formed by the 

action of chlorine water on the purine compound. 
f| (iii) He noted simpler (amino-acid) derivatives occurring in more f>ro* 
found decomposition of the purine ring-system. 

■ 

II. Synthesis. • 

(i) He had previously,.obtained all the rfiethylurie acids synthetically. 

1 (ii) By the action of ‘phosphorus ^oxychloride or pcntachloride on 
v these he replaced ope or more hydroxyl groups by chlorine*. 

(iii) lie next replaced the chlorine byVithcr groups, or, 

(iv) He reduced the chloropnrines (replacement of Cl by II). 

# ; 

Thus, with caffeine , C 8 H 10 O 2 N 4 ,’ a drug occurring'in coffee, tea, 
and kola nuts, which crystallizes in slender needles, melting and 
subliming at 235°, he carried out the following series of experi¬ 
ments :— 

« 

(i) It was shown to possess three methyl groups. 

(ii) Mild oxidation yielded dineftyl alloxan (I) and methyl urea (II). 

(iii) More vigorous decomposition furnished viethylybjeoeoll (III)> 

methyl hydantuin (IV), and dimethyl oxUmidr (V). 


co ,co 

> tj—CO 
CH, 

<0 


r 


^.NH-CH, 

qo 


NH, 


(Il> 


V 

NH. CH, 
CH, 
COOH 

( 111 ) 


ch, co. nh.ch, 

^ 1 * 

n Nh-co co.Ny.CH, 

OV) co 


From the first four products, ntfeine appears to be either 
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The fifth compound, dimethyloxamyle, points definitely to the 
first of these, and this has been confirmed synthetically: 

_gH, 

y° "st 1 * 'v 

tin, CHa 6 h, 6h, 

7 -Trtmethyl ^uric acid 1 3» 7*TrinieihylufiC acid, Uilorocaff« Caffeine 

Xanthine , 0 6 H 4 0 a N 4 , resembles uric acid in many respects, both 
chemically and with regard to its* occurrence in nature, but is 
both feebly basic and acidic. It contains no methyl groups, but 
by methylation yields caffeine and ihqffbro^dne "see table below). 
Its oxidation products are notably urea, alloxan, and glycocoll. 

Now, when ifiic acid ( trioxiQmrine) is* boiled with phosphorus 
oxychloride, a dichloro-oxypurine is produced, which on methyla¬ 
tion yields 7.9 -dirnethylnric acid; consequently the dichloro deriva¬ 
tive}, is 2.6-dichk>ro-S-oxypurine. 1 From this synthetic compound 
xanthine has been synthesized as follows;— 



K, ?, fl-dioxypu 


Guanine , C 8 H rj ON 5 , which occurs in guano, the pancreas, clover, 
beetroots, etc., is nearly related to xanthine, and the nature of 
its relationship may be guessed by comparing the formulas : 

C a H,0N 4 :0 a.M C 5 II 4 ON 4 :NH 

Xanthine.* Guanine. 

• 9 

Moreover, since by the action of nitrous acid guanine is con¬ 
verted to xanthine, # the supposition that guanine is the guanidine 
derivative corresponding to xanthine (from urea) is confirmed. 
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Now malonylgu&nidine^p. 195) condenses with urea to oxy- 
guanine (I), and therefore guanine must'be represented by II: 



* 

W. Traube has effected syntheses of the purines on lines 
analogous to those followed by him in the case of uric acid. 
Caffeine .—From sy/vi-dimethy 1 urea and cyanacetic acid: «■ 


CO *' + 

•^NHCH, 


COOH 



^CO-C^NH., 

+ W-COOH 
Ch 3 



CHj.N 

V 


CO-C.NH-CHO 

;C.NH a 

CO—n 
CH j 


+ 


ch 3 \ 


n co-n' . CO '&—n' 

CHj* 


in* 


* i 


Xanthine .—From urea and*,cyanacetic acid : 


/ nh , coop 

S? N h/ + '>■ 


.CO 


CN 


«/h ^c— 

I. II 


3? 

* NH 


NH 

<?HO 


IH V jC.NH, + H.COOH 

II 1 


NH C-NH 

l II /P H 


Guanine was similarly prepared froifc guanidine and cyanacetic 
acid. . « • 


The parent substance of tne whole series* purine, has not yet 
been found in nature, b^t Fischer has prepared it artificially by 
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converting uric add (ij into tricMoropufin# (II), 'which by 
successive reduction with cold hydriodic acid and zinc dust in 
* acetic acid furnishes diiodopurine (III) and purine (IV). On 
boiling the diiodopurine *with hydrogen chloride, xanthine (V) is 
psoduced. * 


lo I- 

(I) 


YJO 

✓ 

NH 


” Mi~7=r 

Cm c_ h' 

'V 




L H * 

V s 


Sjh 


HD 


spy 

H' C-1 


v (HI) 

/ \ 


n ai 


J u 




(IV) 


• • 


NH C- 

I * 

.qo ,c- 

NH 

(Vi 


-NH 

;ch 


-N 




The table on the next page gives a summary of the more 
important natural compounds of this group : 
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Adenine. , C 5 H-X 6 -Aminopurine. *J835 Kossel. Tea, beetroot, 
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CHAPTER XI 


THE POLYPEPTIDES 


I. General 


T HE*division of proteins into four main classes, according to 
the nature of their hydrolytic ^decomposition products, 
was referred to in the last chapter (p. 189), and attention was 
then fodiisspd upen the micleopruhins, which, when hydrolyfed, 
yield phospHoric acid and purirfes. We must now take up the 
study of another of these classes, the nucleoalhumens , from which 
* phosphoric acid and many different amino-acids are procfpce<| by 
similar hydrating agents. 

The hydrolytic decomposition of the nucleoalhumens is distin¬ 
guished in several ways from that of the nucleoproteins, and it 
may be well to compare the two reactions before* proceeding 
further. 


Nucleuprofein. 


Y 

Nut leu: arid (amide-derivative of |#ios- 
phorie acid), 
hydrolysis. 

Phosphoric acid, sugars, trail purine. 


Acid 


Nuclcoalbumcn. 


Paraim< Icili (ester of phos- 
« phoric acid). 
Alkali hydrolysis. 

Phosphoric acid, sugars, and 
amino-acids. 


Whilst, then, the nucleoproteins are r -built up from tlie purines, 
and so contain a heterocyclic ring-system, the nucleoalhumens 
are derived from a-amino-aci^s, the,latter, with one or two 
exceptions detailed in the next section, being purely aliphatic 
compounds. • 

We must next consider the stages in the hydrolysis of the 

\ 206 
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nucleoalbumens. It is pow fairly certain that the amino-acids 
are not the direct decomposition products of the nucleoalbumen, 
but that an intermediate substance, belonging to the class of 
“ paranuclei ns,” always intervenes. Th\ detection and charac¬ 
terization of this? intermediate phase was by no means a simple 
task, owing to the difficulty of checking the hydrolytic action at 
the desired stage. 

Now it will be recalled that the nucleoproteins break down 
iirst of all into a similar (and yet quite different) intermediate 
compound—a “ nucleic acid.” 

The nucleic acids and paranucleins resemble each other' in 
being derivatives of phosphoric acid, but whereas the former are 
readily further broken up by acid hydrolysis (and are amides of 
phosphoric acid, compare chap. «?c. p. 190), the latter are much 
more stable to acids than to alkalies, and are probably osteft of 
phosphoric acid. 

The separation and purification of the different aminoacids 
from a given nucleoalbumen n another difficult operation. We 
may illustrate this by Fischer’s directions for the isolation of 
aminoacids from casein or milk albumen : 

Half a kilogram of casein is first digested in the cold with one and a half 
litres of concentrated hydrochloric aci<J for an hour and a half. It is then 
heated at 100° for six hours, and saturated meanwhile with gaseous hydrogen 
chloride. • After cooling, an equal Volume of ice-cold alcohol is added, whereby 
a number of impurities are precipi^ ted. The filtered solution now contains 
the aminoacids, formed by hydrolysis of the'casein, in the form of the 
hydrochlorides of ,*dieir esters. v 

The solution is evaporated down in vacuo at 100" to a syrupy consistency, 
then redisscjved in one and a half litres of absolute alcohol, and heated 
in a current of dry hydrogen chloride on the water-bath .to complete the 
esterification. 

After further purification the amino-acid esters are, hydrolysed by exceed¬ 
ingly carefuj addition of alkali, and the free acids are finally extracted with 
ether. The ethereal extract is then fractionally distilled in vacuo and the 
different amino-acids finally purified by repeated fractionation. 

e 

The products so obtained are optically active, but may be 
racemized by heating with baryta for some time. In this way 
amino-acids identical vith the “polypeptides” synthetically 

/ 
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produced in the laboratory by Fischer # (as described !n sections 
III and IV) have sometimes been isolated. 

I Preliminary work of the above type rendered it obvious 
that the ultimate form«of the amino-acids present in the nuclco- 
ajbumens was a ebmpftx condensation produet formed front a 
number of •amino-acid radicles by successive elimination, of the 
elements of water between the amino and hydroxyl groups 
present. For example: 

R.CH(NlIa)CO. NIL CIl(R).CO. NH.CH(R). (JOOR ; 

add Fischer then took up the detailed study of the synthesis of 
derivatives of this type, to which lie gave the name polypeptide. 
The latter term, explicitly defined, r|fer% to fhose substances 
formed by condensation of ar^ amino w'th a hydroxyl group 
from twq, # or more amino-acids. Similarly, a condensation 
product frofn two amino-acids *is tormed a dipeptide, from three, 
a tripeptide, and so on. 

Before proceeding to an account of the more notable.prQtein 
amino-acids, and of Fischer’s synthetic production of polypep¬ 
tides therefrom, we will glance at some attempts which are being 
' made to determine the constitution of the proteins by analytic, 
rather than synthetic, means. • 

This side of the work is chiefly in the hands of Abderhalden 
(the synthetic methods, on the o^hcr hand, being due almost 
exclusively t$ Fischer and Curtii^)? Abderhalden endeavours 
to arrive at the structure of the uueleoalbumens by studying the 
products of partial hydrolysis. By scparayng*and examining 
tie intermediate products, it is possible to deduct the structure 
of the original complex by finding the manner in which the 
ultimate residues are linked in pairs or trios. Thus, edestin, a 
complex uucleoalbumcn, gave three polypeptides on partial 
hydrolysis, one of which contained glutaric acid, tryptophane, 
and leucine, and the third tyrosine, glycine, and leucine. 

Another interesting suggestion in this direction is the applica¬ 
tion of physical chemistry to tie problem by Mathieu. 

If the rate of •hydrolysis of a protein by an acid is 
measured in the usual way, it is found that the speed of the 
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reaction dbes not t nfways change regiAarly in accordance with 
the law of mass action. The abrupt changes of the rate of 
hydrolysis, found for example in the case of gelatine, are | 
considered to mark definite stages of the .hydrolysis. 

Finally, although there is nothing but a Superficial chemical 
connection between tfye*two classes, it may be mentioned ikat a 
series of naturally occurring oxygen analogues of the poly¬ 
peptides has recently come to light. The substances in question 
are natural vegetable acids, occurring in some of tho Conifer®, 
and have been given the generic name of “ etholides ”; they are 
derived from condensed hydroxy- (instead of amino-) acids, and 

possess the general structure: « 

€ 

R. CH(011). [CH 2 l n .CO. 0. C HR. [CJH 3 ] n . CO. 0. < ’ H R. [ U J r 2 j n . COOH. 


• * 

II. Thu More Common Amino Acids ocourrino tn 

• Polypeptides 

4 - V * • '* 

It lias just been stated that the ultimate products obtained 
from the proteins are in general a number of different amino- 
acids; the separation and purification of these is extremely 
difficult, ovftng to thoir close mutual chemical resemblance. 
However, the thorough investigations of the past twenty years 
have shown that most polypeptides are built up from the amiuo- 
acids enumerated below, ft » ill bo observed that all these are 
a-amino-acids, and that nearly all contain asymmetric carbon 
atoms, thus accounting for the optical activity displayed by so 
many natural polypeptides. ** 

The ultimate amino-acids may be classified as follows : 


Monobasic aliphatic arids. 


Glycocoll * 
Alanine 
Serine 
Cystine 

Phenylalanine 

Tyrosine 

Leucine 


Amiuoaeetic 
Methylglycoeoll 
/3-Jlydroxyalan i no 
a-Dithioalanifce 

jy-Oxypljenylalanirie 
a-Am in o isof apronic acid 


I 


CH 2 (NH 2 ).COOH 
CH a .6’H(NH 2 ).COOH 
CIl„(0H).6’I{f Nil..). COOII 
tyGtcif^flmicooHk 
CfiHfl. Cli 2 . OHfNH,). COOH 
HO. CfH 4 . CHa. <7H(NH a ). COOH 
(CH 3 )b. CH.CIIs. CH(NH 2 ).COOH 
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Dibasic aliphatic adds. 

m 


Asparaginic Aminosuccinamic acid 

Aspartic add Aminosuceinic acid 

Glutamink and a-Amin^glutaric acid 

• i 

Heterocyclic acids. 


* ; « • 

rroli ae 


Pyrrolidine a-carboxylie 
acid 


w 

NH 2 . CO. CH a . CH(NH 2 ). cooh 
COOH. dj* <7H(NH 2 ). COOH 
COOH. CHo. Cll 2 . C'H (N H a ). COOII 


1 

CHa —CH. COOH 


Tri/ptnphane (3 (3 -1 ndol- a -am in o- 

propionic acid 


CHa • CH (NH j.COOH 
.C " * 

CoH. ^CH 
n NH 


Several of the above acids are quite simple in structure; 
the synthetic production of the more complex members may 
be recalled here: 


Leucine*, ?*tom isovaleraldehyde and ammonium cyanide: 

NR, NH.CN 

(OII :l ).,C'n.('iL.CJIO—>(C1 J j )-,VH.(H.,.CH(0H)(NJJo) —> 

— - • HR • • 

?CH::)., CII. C11.,. Cl l(N R : )(<CN'I I ,) a .CI I. Cl U CU (N R). COO I f. 


w 

Phenylalanine and tyrosine, from phenylaeet aldehyde : 

C.JRCRj.CTI, -> C t) H v CH,,.CUO ■> C (j lI,.Cll a .Cll( , SiII..).CN -> 
Phony let bane. Phcnylaeetahkdiyde. 

C.,I J ;j . CH.,. C'JI(N 1 I. 2 ). COOII. 

Phenylalanine. 

• UNO. " 411 

C u H :i .CLl 2 .ClI(NII a ).C001l- i»{p) NO., C„11 4 . CH,. ('II (NHR COOl1 —> 

Phenylalanine. • 

L Nll a .CJRCH,.CFI(NH 2 ). COOII-^HO.C«H 4 .CH.,ctl(NlI a ).COOH. 

HNO a Tyrosine. * 

Aspartic arid and asparagine, from oxalacetie ester. 


Oxalaeetio ester (I), from the Claisen condensation of etlifl acetate and 
oxalate, yields an oxime (diethyl oximinosifccinate, II), which by reduction 
and semi hydrolysis yields the |\vo mono-ethyl esters of aminosuceinic acid 
(Ilia and ITI6). % 

Ilia, on complete hydrolysis, yields {d + 1) aspartie add (IV), or, with 
ammonia (d + l), asparagine (V). On the other-hand, the ester-acid Illi is 
also obtainable by reduction of monocthyl oximino-succinic acid (VI), which 
also gives the oxime of pyruvic ester (VII) when heated. Consequently the 

*4 ' 
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orientations of aspartie<acid and t asparagmc must be assigned as in formulae IV 
and V (from II Iff), 


C f COOEt COOH i CH a , CH(NH,i,C 00 H 

I I 



l* 

f- ‘ 

a s.I'tvvvn 

(IV) 



CH.INH * \ 

l 2 ^ 

CONH 9 . CH a 

i 

COOEt 

COGEt 

i 

COOH 

,• CH<NH a ),C00H 

L, 

filial 


(V) 


i »-*• < 




C° ^ 

C^N.OH 

COOH 

COOH 


1 

COOEt 

COOEt 

1 


c». 

il> 

(II) 


1* 

1 »—*- 

I 



CH(NH » 

c=n^>h 

<~N«H 



1 

1 



COOEt 

COOEt 

. COOEt 



illlb) 

(VI) 

(VII) 

Prolinc 

and tryptophane 

1 

are two pyrrol derivatives found in 


the hydrolytic products of certain proteins, arid were discovered 
much m^re recently than the rc.,t of the amino-iu-ids, nan,cly, in 
1899 (Fischer) and 1S9C (Kossel) respectively. 


Praline has boon synthesized by Fischer as follows : X- ben/oy 1-pijten'dino 
(I) is oxidized "irefully by permanganate, whereby 5-ben/oylamino-n-valoric 
acid (II) results ; on broniination this becomes a-bromo-5-benzoylamino-/r- 
valeric arid (III), which is converted by boiling with hydrochloric acid to 
r-prolinc (IV). * *' 


^CH a -CH, 

°Hj CO 


CH» CHa,NH^O.CuH, 'l 

I 

CH*iCHj.COOH 

(M) 


CHa.CHj.NHCOC^Hi 


CHj.CH . Br .COOH 

dll' 


CH a 


CHj 

\h 
/ 

ch,— cn-cooH 
,IV t 


r-Tnjpiopkfhu', the indol acid, was synth'd ioally produced as follows by 
Kllingor in 1007 : < 

Indol (I) is first heated with chlornWm ami caustic potash (Iteimer’s 
reaction), whereby indol ft aldehyde (II) is formed. 9 This is condensed with 
hippuric acid in presence of dilute alkali, when the deeply coloured sub¬ 
stance HI, an “ adacU/ar is i>rodueed in accordance with the usual 
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behaviour of hippuric acid to aromatic aldqjiydas. .Azlactones, however, are 

decomposed by hot alkali, -with rupture of the lactone ring and saponification 
of the benzoyl group. The substance III in question is accordingly, by 
this treatment, convertec^to the open-chain acid (IV), wflich may be reduced 
to the acid V, identical ith racemic tryptophane. 


>CH 

"\} B 

(I) 


-C-CHO 
C.h( Ych 

NH 

(II) 


•>yCH=C-CO 

C.H. V H | # \> a 

NH U==.Gjc. 




(HI) 


yCfCH— q «VH>COOH 

,.H. J!CH 
(IV) 




,C-CHa. CH <NH,) .©OOH 
❖ — 

* P H 

NH 

(Vj 


III. Fischer’s Synthetic Methods, for the Production • 
# of Poia t peptides • 

• • 

In the course of the classical work which is still being prose¬ 
cuted by Emil Fischer, in accordance with the plan outlined in 
Se^tiflri I (p. £07) of this chapter, that chemist has elaborated 
five distinct methods for preparing polypeptide derivatives. We 
will describe these in the chronological order in which Fischer 
devised them, and at the same time compare the applicability 
and fertility of each type. 

First Method. —Elimination^of alcohol between two molecules 
of amino-acid esters. 1 # * 

This is effected by heating the mixture of esters (I) in sealed tubes at 170 , 
when a heterocylic compound (a reduced derivative of p/jraune, p. 172) is 
formed (II). By careful treatment of this product* witTi hydrochloric acid, 
one molecular proportion of water is added, and a dipeptufe (III) results. 


CKR-COOEl 



NH* 

/ 

EtO.CO—CHJ*' 

10 


CHR—CO 

n6‘ \h 
N CO-CHR' 

(II) 

n 


NHj.CH.R.CO.NKCM* R'.cooh 

and 

NH a . CH ■ R <iCO. NKCH.R. GOOH 
till) 


Second Method .—The first^ mctlio^ permits the interaction of 
the amino groups in each of the amino-esters, but, if the com¬ 
position of the enrt product is to be governed with certainty, it 
is necessary to control the reaction so that only a specific and 
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chosen amino-group* may he free to condense. Fischer’s subse¬ 
quent methods, therefore, were concerned' with artifices to secure 
this end, and with improvements in the yield of the final pro¬ 
ducts. His second method docs not affor^ very good yields of 
the "polypeptides, but is useful as a method of controlling th§r 

synthesis. ■ ' ' 

«» 

An amino-ester (I) is first treated with ethyl chlorcarbonate, whereby the 
substance (II) is produced, and the amino group present in (I) “protected” 
against further condensation. The product II is then heated as before with 
another amino-ester (III) in scaled tubes for two or three days, and the 
product (IV) carefully hydrolysed, when a dipeptide again results. Or, the 
process may be repeated indefinitely with the polypeptide ester (IV)} leading 
to tri- } tetra -, or pent,tprplides (V). 

NH .CIIR. COOEt COOEt. NH.(/I1R.COOEI H NIL.OHR 1 .COOEt 

I II *“ II* 

> , 

-> COO E t. NII. CIIR. CO. N11. Cli R 1 . COOEt. 

IV 

OO&EtNH.CHR.CO.N1 UJlIlkCOOEt -I- NH...C11. R”.COOEi • 

IV “ III 

-> COOEt. NII. CIIR. CO. NH .CIIR 1 .CO. N T1. CH R 11 . COOEt. 

V 


Hence, whereas the first method only gives dipeplides , the 
above can give derivatives df higher polypeptides of known and 
pre-determined constitution. However, the final products are 
not true polypeptides, but contain in addition the earbethoxyl- 
imino group CGOEt.NH-, which 'cannot be removed without 
breaking down Ihe whole molecule. 

Third Method .—The next modification also gives carbethoxyl 
derivatives of the polypeptides, but the yields are much 
improved, owing to the final condensation being carried out 
between antacid chloride and an amino-group; so that hydrogen 
chloride, instead of alcohol, is eliluinai^pd. 

The Amino-ester in which the hmino-grfeup is not desired to sufier conden¬ 
sation (I), is “protected ” as before by treatment witli ethyl chlorcarbonate, 
forming the carbethoxyl derivative (11). On adding one molecular propor- 
\ tion of thionyl chloride to this ester, only the carbethoxyl group of the 
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terminal radicle -NH.CH a . COOEt is concerted to* an acid chloride (III), 
which is then heated with the required amino-ester (IV):— 


NIIsCHo.00. NH. CH a . COOEt -> COOEt. NH. CH 2 . C9. Nil. CII 3 . COOEt 

1 . * 11 

•> COOEt. NH.CH>.CO.NH. CH*C0C1 + N^CH*COOEt 

III • • IV 

COOEt. Nil. CPI 3 . CO. N H. CH 3 . CO. NH. CH*. COOEt. 


Fourth Method. —Fischer’s next improvement was a simple 
device by means of which true polypeptides of any desired 
configuration could be obtained ;• the preliminary condensation 
was eliected between an amino-ester and bromacetyl bromide, 
and subsequently the bromacyl group wa^comforted to theglycyl 
residue by interaction with ammonia. • 4 

^ m 

Thus, *■ tar ting Trom bromiicotyl^ bromide (f) and glycocoll ester (II), the 
ester (III) is obtained, and, on treatment with alcoholic ammonia, passes 
readily into glycylglycine ester (IV), which can be hydrolysed to glycyl- 
olycim^(V). * • * 

TP,r.CH 2 .CO.Br + NHj.CITo. COOEt -> Br. CH.,.CO. NII. CII 2 .COOEt 

I II III 


-> N Hj. CIL, CO. Nil. CTL> ('00 Et 
IV 


-> NTH CH* CO. NII. 01T 2 . COOH. 

V • 


0 

On the other hand, the bromo-ester (III) may be warmed with a mole¬ 
cular proportion of thiouyl chloride (ao iu*thc third method), the resulting 
acid chlorid^ (VI) condensed further w^Stli a fresh amino-ester (VII), and 
then treated with alcoholic ammonia: 


Br.CH 2 .CO.NH.CH 2 .COO»t Br. Cli 3 .Cy. N H. CII*C0C1 + 

III VI % 

Nfl 2 .CIl§. COOEt -> Br. CH.,. CO.NII. CH 2 .CO.Nil.ClfR. COOEt 
VII 

-> N H 2 . CH a . CO. NH. C H>. CO. NH. CHR. COOEt. 

VIII * 

• 

Or, again, the polypeptide es|ers (IV) or (VIII), when obtained, may be re¬ 
submitted { io the action of bromo-aectyl bromide, and fresli condensations 
effected at the “ amino-end ” of tile molecule: 


Br. CIIjj. C<$Br+NII a . CH* CO. NH. CHR. COOEt -> 
Br.C1I 2 .CO.NII. CH*CO. NH.CHR. COOEt -> 
NH 5 r.CH 2 .CO.NH.CHa.CO.NH.CHR,COOEt. 
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As might be expected, #this method has proved the most 
fruitful of all, and the most complex synthetic polypeptide yet 
prepared (an octodecapeptide containing fifteen glycyl and three 



Fifth Method .—There ‘remains one other type of ‘synthesis 
worthy of notice, but of less extended application than the 
preceding. 


f 


Certain amino-acids, on careful application of a mixture of acetyl chlo¬ 
ride with some phosphorus pentacMoride, yield the hydro-chloride of the 
amino-aeid chloride ; this can in turn be directly condensed with other 
amino-acids. *■ 

• t 

. M&.CHR.COOH -> HC1.NH...CHOI.COCH KIlo-CIIRhCOOH -> 
fJCl.NlIo.CHR.cJo. Nl 1 .CHR 1 . COOH. s 


IY. The Synthesis of Optically Active Polypeptides 

The compounds formed according to the above schemes re¬ 
semble the natural protein derivatives in their physical appear¬ 
ance, their bitter taste, and their Chemical reactions (formation 
of biuret on heating, and of characteristic precipitates, with the 
usual albumen reagents, such, as phosphotungstic ,acids). If, 
however, racemic amino-esters have been employed throughout, 
the products are Uf course optically'inactivc, and it remains to 
give some indication of the methods employed in the prepara¬ 
tion of those polypeptides which carry their resemblance to 
the natural substances, even to the extent of showing optical 
activity. 

Such compounds have most frequently been synthesized from 
optically active amino-acids, the Atual, resolution of the racemic 
form of the molecule being thus effected before the synthetic 
process commenced. The reason for this course is that a poly¬ 
peptide contains in general as many asymmetric carbon atoms 
as there are peptide groups \ hence, if from two racemic amino- 
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acids, A and B, we builcf up the dipeptide we encounter the 
possibility of the following four acids in the product: 

tlA + dB 
dA i-IB 
1 A +dli 
1A l IB. 

Similarly, in synthesizing a tripeptide ABC trom the racemic 
amino-acids A, B, and C, we should obtain a mixture of eiyty 
optical isomerides as follows: 

' dA + dB+MO 

1A -i d B \ d(’ 
dA t-]B-;-dC 
dA-i-dB-f-10* * 

i a ai n . i /“i 

lA+dB + in • 
dA -TIB + 1C 
1A H Hi -i 10 

• A 

And* in general terms, a polypeptide possessing tf peptide 
groups and synthesized from n different amino-acids will contain 
2* different optical isomers. 

Kesolutiou of so complicated a mixture by fractional crystal¬ 
lization of the salts of the racemic peptide with some optically 
active base is obviously hopeless; and, indeed, this method, 
sufficiently tedious under the happiest of circumstances, is further 
invalidated^ this case by the exceedingly feebly acidic character 
of the polypeptides. # 

' Fischer therefore confined his efforts to obtaining the simple 
amino-acids themselves in the optically pure state, «md to this 
end employed both the fermentation and the fractional crystalliza¬ 
tion methods: 

(a) Treatment of a raremic amino-add with an enzi/mr .—^Vhcn certain 
racemic amino-acids arc subjected t<> tlie action of the pancreatic or other 
enzyme, on^ active form is frequently destroyed in preference to the other, 
in accordance with the usual beluft’iour of*cnzymes to asymmetric systems. 
The action of the enzyme, however, ie very largely conditioned by the nature 
of the groups surrounding the asymmetric carbon atom, and therefore cannot 
be depended upon. 



c 

216 THIRD YEAR ORGANIC CHEMISTRY 

(6) Fractional <rysta{lization the salts of'the racemic amino-acid with 
brucine or strychnine .—As already mentioned, this plan also presents diffi¬ 
culties, owing to the Iceble capacity 'for salt formation of the amphoteric 
amino-acid radicle*' 

Fischer overcame this obstacle, however, by inc^oasiiy; the aridity of the 
amifto-acid through atylation. The acid was first of all transformed Ip. 
its iV-benzoyl, JY-benzenesulpbonyl, or iV-naphthalcnesulphonyl derivative: 

R.C'H(NII*).COOH -> R.(7H(N1I.CO.C 6 H s ).COOH. 

The latter compounds readily yield salts with brucine or strychnine, and 
by fractional crystallization the salts wore separated into those of the pure 
optical antipodes. 

*■ 

The acids recovered from the optically active pure salts were 
then employed bjt Fisphei; in the synthetic processes to which 
* attention has already been paid. e 



CHAPTER, XII 

• • 

THE CARBOHYDRATES: GENERAL CHARACTERISTICS 

AND REACTIONS 

I. Classification and Nomenclature 

r . 

W E have been concerned in the past chapters with naturally 
occurring organic substances $>f nitrogenous nature, 
belonging to both closed-chair^(heterocyKc) and open-chain series; * 
with the present chapter we commence* a review of the equally 
important class of compounds grouped under the term “carbo¬ 
hydrates.” These contain only the elements of carbon, hydrogen, 
and o*ygcn, and are cssentialty*aliphatic, non-cyclic oqpapounds 
(except in a few cases, considered separately in chap. xiv.; and in 
certain lactone-like modifications, which will likewise receive notice 
later). The empirical composition of all carbohydrates, further¬ 
more, is very simple and uniform, and may bo rfpresented as 
O m (H,0) n . • 

Numerous representatives of otlrts class occur in both the 
animal and»the vegetable worlds, ^especially in the latter; typical 
examples are glucose or grape-sugar, C ( .H 12 O 0 , found in honey and 
in many fruits; cane-sugar , from&ugar cane and beet; 

starch [C ( .II l0 O 5 ] x ; and cellulose or wood-fibre [C 12 ?L 0 Oj 0 ] x . 

The numerical relations found to exist between the atomic 
proportions of carbon and of water in a carbohydrate molecule 
has led to a means of classification for the whole series. Thus 
we see that glucose is C 6 (H 2 0) c , caiie-sugar, C J2 (Il£0)n» starch, 
[C a (H a O) & ] x , and cellulose* [O5j\H,O) 10 ] x , the exact molecular 
complexity of the two last being unknown, but very considerable. 
The simplest of the above compounds is therefore glucose , in 
which the number #f carbon atoms and of (H a O) groups is equal; 

this fact serves as the basis of the general classification of the 

817 
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carbohydrates, and su'oh compounds arc termed monosaccharides , 
the appellation saccharide denoting a carbohydrate. 

In the next jilace, cane-sugar contains one molecule of water 
less than two molecules of glucose : < 




2C.iHj.jO,-, - II..O^C 1 .jIUO J1 , 

» ‘ 


r 

a 


and this furnishes a means of correlating the more complicated 
members of the group. 

* The complete fundamental nomenclature assigned to the 
carbohydrates is thus as follows: — 


Monos accha RiDKS: CarLoh yd rates of the mineral formula. 
CJiLO) m . , 

Djsacciiautdes : Carbohydrates of the general formula, 
C ; , Q1 (H 2 0) Jm _, ; ‘these may be regarded, for the, moment, 
as derived from two molecules of the same or of 
different monosaccharides by elimination of one molecule 
, ,df water. ’ . — 

TkikacchaRIDES : Carbohydrates of the general formula, 
Ojj m (H.>0)jj m ; by elimination of two molecules of water 
from three monosaccharides. 

TETRAS.VUrJARinES : Caihohyd rates of the general formula, 
G lw (H,0) 4 , n _.. ; etc. * 

PoLYSACJCJiA R [I>KS : Complex polymerized bodies of the 
general formula [C 111 (^l.,0) 1 ,] x ; practically speaking, it 
may be said that in all eases in — (j and n~ f). 

‘ - * . . . 

To the latter Cmss l>elong the starches and gums found in the 

vegetable kingdom, and also cellulose, whilst the former classes 
comprise what are more generally termed the “ sugars.” 

We shall be restricted almost entirely to the discussion of the 
sugars , and kere, as in the polysaccharides, the most important 
natural compounds possess the formula C,.(Hor are conden¬ 
sation products from two or more C t .lf J .,() i; (monosaccharide) 
molecult a. ' 

There are, however, a number of interesting substances of the 
general formula?, CJT/h, CJJ^, C 4 H y 0 4 , C 5 II l0 O & , C 7 H 14 0 7 , 
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C g H lti O g) and and we have ngw to* extend tlfe classifica¬ 

tion in detail so as to differentiate betweeu these. 

Such compounds .are, by the preceding definition, mono¬ 
saccharides, and tljcy ai!b distinguished according to the number 
o^carbon atoms each possesses, a prefix indicating this number 
being added to the generic termination -osif.* 

Finally, as will be shown below, some monosaccharides are 
aldehydic , others hetonic , in nature - and again, in a few cases, 
homologous methyl derivatives of the sugars are known. This i% 
allowed for in the nomenclature by a further prefix- indicating 
the type of the monosaccharide *in question. For example, 
glucose*is an aklohexosc , fructose a ketohexvse , and rhamnohexose 
a methylheime. These subdivisions wil^be # best Appreciated if we 
draw up a classified table of,the carbohydrates which will be 4 
described ^ii this and the following chapters :— 


Monosacciiakidkk, C m (lJ 2 0)m . (Monoscs, ClT a O) 

Dios^s, CmH 4 Oo 
2'rkscs, C;jlf(]0.: 
Aldotriose . 
Ketotriosc . 
Afethi/ltriose 
Tel roses, CMbO, 
AldolU roses 

Pentium^ ioO.-, 

A Id open,loses 

* 

Methylpentoscs 

Jfexoses, CjjHjoO,, 
Aldoh erases 

Ketohexoscs 


(Formaldehyde). 

Glycollic^aldehyde. 

• • 

Glycerosc. 

Dioxyacetone. 

Mcthylglyccrosc. 

• 

Ery til rose and 

threuse. 

Arabinose, xylose, 
lyxose, and ribosc. 
Klianmosc and iso- 
*rliamnose. 

Glucose* mannose, 
galactose. 

Fructose, sorbinose, 
formoge. 


* The sullix -ose was formerfy- (and is sometimes at present) used indis¬ 
criminately Tor the “condensed ” sugars (dt-, tri-, etc., saccharides), as well 
as for the individual monosaccharides. This tends to confusion, however, 
since by this system mSose , diose, and triuse {at least) refer to two different 
classes, 
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* Mcthylhexuses 
fJcptoses, CtHjjOj 
.lldohejdoses 

Ketoheptoses 
Methylheptoses . 

Disacciiaeides, C. Jm (HoO)hr#. 1 Pentose derivatives . 

• lIe.cose derivatives . 


"Tkisacoiiakides, CjmtlljOJ.tm-a Pcntos* derivatives . 

Ilerose derivatives . 
Poi.YSACCUAHl DKS, [C m (H./)) n l x * 


Rliamnohexose. 

Ulucoheptose and 
maunolieptose. 

V ructoheptose. 

Rhamnoheptose. 0 

Arabiose? 

Cane-sugar, maltose, 
lactose, and mfsli- 
bioso. 

Rhamninose. 

Rafiinose. 

Starch, dextrin, gnm 
arabie, cellulose. 


' II. General Chemical Behaviour of the Carbohydrates 


The carbohydrates are sharply divided into two classes from 
the ppii$'of view of their ehemffal reactions:— • . 

(i) The monosaccharides . 

(ii) The rest of the saccharides. 

The distinctive feature of the second class is that they are, 
more or less readily, broken down hydrolytically by various 
agents into mixtures of monosaccharides. 

Thus the starches and gums, when boiled with dilute acids, 
furnish the simpler saccharide,^ according to the equation: 


[CcH lfl O a ] + K'lRO^A'CullrjOfi, 


or, more generally, 


where 


[Cm(IloO)n ]x + vyll»0 - J;Cm( lbO)m, 


n — m - y. 


The di- and tri-saccharides bBhav* similarly, and as a rule 
these and the polysaccharides are ^ilso susceptible to f the action 
of various ferments, living or unorganized (enzymes). The 
ferments are, however, selective in their Attack; a given di- 
sacbharide, for example, will respond to the action of invertase, 
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but not to that of emufsin. The rujes governing the selective 
propensities of the various ferments are referred to later 
(chap, xv., p. 289). t , 

Further reference io the specific behaviour of the poly¬ 
saccharides is unnecessary, since the subsequent reactions fire 
invariably*those of the monosaccharides,formed by hydrolysis, 
except in the case of violent reagents, which behave with the 
polysaccharides similarly to their deportment with the mono¬ 
saccharides. Thus strong sulphuric acid exerts a charring effect 
upon all carbohydrates, carbon, oxides of carbon, water, acrolein, 
find‘various other simple products 1 resulting; and concentrated 
nitric acid oxidizes all the members of the class, firstly to 
oxydicarboxylic acids corresponding t<jthf monosaccharides, and 
ultimately to oxalic acid and carbon dioxide. 

Un f ier ^uitakle conditions, however, *the starches and gtTTfTs* 
can be nitrated, and the polynftroeompounds (or rather nitrates) 
so formed are explosives of much technical importance (cf. p. 311). 

Th emonosactfiaridrs, on the otfier hand, arc characterised, by a 
series of reactions which are of the utmost importance, not only 
for their detection and estimation, but also in obtaining a know¬ 
ledge of their mutual relations and individual structure. 

Taking first of all those mearners in which an aldfhydic group 
occurs (the aldoses), we are fnet by the following varieties of 

reactions :— ; * 

« 

I. Jtcdnctfa•>. k 

(a) In presence of sodium amalgam, the aldoses arc. converted into normal 
hexaliydric alcohols of the gcncraWormula, Ho[CH(Ojd)],*. 

TI. Oxidation. 

(a) Mild oxidizing agents, such as bromine water (nascent liypobromous 

acid) or Folding's solution (an alkaline solution of copper sulphate and 
Rochelle salt—potassium sodium tartrate), convert the aldoses to monobasic 
axids, the aldehyde group undergoing oxidation. 9 

(b) With stronger oxidants, dibasic, adds are produced, an alcoholic 
residue suffering oxidation as jpell as the aldehyde part of the molecule. 

Ul. licaCiinus of Ike aldehyde- grqnp. #■ 

(а) With hydroxylamine, oximes are produced. 

(б) With prussic acid? the usual addition compounds (nitriles of oxy-aeids, 
characteristic of aldehydes) arc formed. 
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(c) With phcuylhyvirazine, (he first product is a phenylhydrazone of the 
usual type, R.CH:N.NH.C 6 H«; in presence of excess of the warm 
reagent, however, a further change takes place, and an alcoholic group 
—CH(OH)—ij okydized to carbonyl, which at^ once -ondenses with more 
phenylhydrazine to produce a compound of the gencra^formula, 


c! N.NM .C*H» 
CH : N»NH.C»H» 


which is known as an nsaume. 

The complete process in the case of an aldohexose is thus : 


-f Nil. NH, - C(:N.NH. < Y,TJ ri ).CH(:N.NK.C.H,) 

• -I-2H a O -t NHa+Colls-NH... 


The ostnonrs, which are much letter crystallized than the phcnyl- 
KyTmzows of the sugars, ykdd the unstahlc atones, R.C6.CHO^wheV boiled 
with dilute acids, and the latter compdTkmls are readily mluciole to ketoses, 
R.CO.CHo(OH). 


IV v Jigxdions »f the alcoholic yroufy. % 

(a) Roiling acetic anhydride leads to the formation of po/yaedyl deriva¬ 
tives, each free hydroxyl group being acetylatcd. 

(&) Similarly, benzoylehloride reacts with monosaccharides to give poly- 
bcnzoyl deri vati ves. 

(c) Ethereal subs/mi res are readily produced by interaction with other 
alcohols, other monosaccharides, acids, 8r other classes of compounds. 

The condensation products with # other monosaccharides are the tU-, tri-, 
etc., saccharides , whilst the remaining compounds form the group of 
glucosides (chap, xvi., p. 297), bot\PsyiUhetic andm laturalfi/ otfurring. 

(d) Halt-like compounds are produced from aldoses in presence of calcium 

and strontium hydtoxiies. 18 


The ketoses resemble the aldoses in chemical behaviour for the 
most part, but in certain important points are dissimilar: 


I. Redaction. 

(a) As with the aldoses, alkaline reduction leads to tlic formation of 
•normal hexahydric alcohols . 

II. Oxidation -. 

(«) Hei . the ketoses are differentiated from the aldoses, for two acids are 
always formed upon oxidation, the molecule beingf broken at the carbonyl 
group. 
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(It wilt be observed that this is merel^sthe chasactcristic behaviour of 

simple aldehydes and ketones upon oxidation; aldehydes yield acids with 
the same number of carbon atoms ; ketones yield a mixture of two acids, the 
sum of the carbon atoms^jn which is equal to the numfier present in the 
molecule of the original ketone.) 

*111. Reactions of the, ketuvie {/map, and 

IV. Reactions of the. alcohol ie (/map. • 


These are analogous, generally speaking, to the transformations of the 
aldoses. • 

Thus, ketoses yield o.ei/nes, oxi/nif riles , pheayUn/'lra'jairs, and nsazones 
respectively with liydroxylamirie, hydrocyanic acid, and phenylhydrazine ; 
whilst the alcliolio groups lead to aeeti/l- and fonow/f-conipounds, ethers 
[r/lurosides orpol/iHta-hurides) and salts (with lime or strnntia) as above. 


The reactions of methyl alrfones and of" methyl-ketoses correspond 
strictly \Mjth tlfbse of the simple aldoses # and ketoses. 

The following more individual reactions of the monosaccharides 


are also notable: 

_ • • 

** • « • • 

On prolonged boiling of a hr rose with a dilute mineral acid, heralinic 
aejil, CHa.(JO.(JH.,.C , Hy.tJOOl£, is always found in the reaction mixture. 

On the other hand, distillation of a pentose with concentrated hydro¬ 
chloric Hi'id, ahvuys produces f'h-inruhbliiidr (p. 45) in qualitative yield : 


*\u 1(1 o.-. it’Jliflf);«'iio+3ii,o. 

e * 

Pentoses may be lveuguized qualitatively by boiling theii dilute aqueous 
solution with a few drops*of si.iong hyittoehloric acid, and then cooling the 
solution. If phto,-oglui inot is now added, a cherry-red colour appears on 
warming; whilst if on!not be substituted for phb^gljcinol, the colour is 
lirst red, then violet, and finally bluish-green. This test depends, of course, 
on the intermediate foimation of fnrfuraldchyde. ^ 

A general reaction for sugars, starches, glucosides, and similar compounds 
is “ Molisihs Test ’'; this consists in adding two drops of an alcoholic solu¬ 
tion of a-naphthol and then excess of concentrated sulphuric acid to the 
solution of the carbohydrate. On warming and shaking, a red dish-violet 
colouration is produced, and ^hen’the mixture is poured into water, a 
bluish-violet precipitate results, which dissolves in alkalies, alcohol, or 
ether to a yellow solution. * 

It may be also recollected that the nsazones, when condensed with 
aromatic cj/7/mdiamiues, yield compounds of the qainuxnline series (chap, ix., 
p. 173). 
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III- Tjik General Chemical Nature of the 
Monosaccharide^ 

• p 

In the preceding section it was more or less tacitly assunr-d 
that the sugars were of an alcohol-aldehyde or alcohol-ketone 
nature; it will be helpful, perhaps, to indicate from a historical 
point of view how this knowledge of their general type of 
structure was accpiircd. 

The structural chemistry of the sugar group dates,, not 
unnaturally, only from the period when the capacity of .carbon, 
not only to behave as a quadrivalent element, but to form 
. compounds containing complex chains of carbon atoms, was first 
_ maintained by Kekule^ in 1857*'; and again, at that .period 
almost the only individual sugfjj’s definitely recognized were 
cane-sugar, and its two products of hydrolytic decom¬ 
position, glucose, and fn/close, C 0 lI v ,O 0 . 

Wd will consider the case of glucose somewhat in detail. In 
1860, Bcrthelot drew attention to its capacity for forming 
ether-like derivatives (the glucosides, which yield glucose and 
other products by a simple hydrolytic process), and he suggested 
that it was a he.vahydric alcohol (.^.IJ^OH)^, in view of the 
production of what he believed to be glucose hexacetate (or 
hexa-acctylglucose). 

Careful analytical exam motion showed that the - last-named 
substance only possessed five acetyl groups, so that the com¬ 
position of gluce-e^uas C (i lLO(OH) v corresponding to a penta- 
hydric alcohol. 

It was soon seen that this conception implied 1 a residue of 
one atom each of carbon, hydrogen, and oxygen being left, 
after allowance was made for a saturated pentahydric alcohol 
chain: ' 

Cli,(OM).CH(OH) CH(OH).CH(OIl).CU(OH) - 


The reducing properties of glucose towaids alkaline silver and 
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copper solutions supported the natural conclusion that these 

H 

. and in 


/ 


atoms were combined^ as an aldehyde group — # C' 

1862 Berthelot definitely asserted that glitcose wa3 a (pcata- 
lijMric) alcohol-aldehyde. Other chemises were loth to accept 
this view, on the grounds that certain reaction® characteristic 
of aldehydes were not shown by glucose ; in particular it did 
not unite additively with sodium bisulphite. Zincke, wh® 
had investigated ketone - alcohols containing the grouping 
OO.CH(OH) -, remarked that these were strongly reducing 
bodies ^in contrast to ordinary ketones), whilst they did not 
yield sodium bisulphite compounds, and guggdfeted that glucose 
was more nearly analogous tp these than to an aldehyde, and 

that ii) wi^s, in fact, a (pentahydric) alcohol-ketone. ..■ 

Others disputed whether thfc six carbon atoms present were 
cyclic, or formed a normal or a branched chain, and the subject 
was attacked .by many workejte until, in 1870, the 0 present 
accepted formula for glucose was put forward independently 
by Baeyer and by Fittig:— 

CH 2 (011).CTT(0II).CFT(01I).CII(Ol l).CH(OH)JCliu. 

'Die main experimental bases «on which this formula vested was as 
follows:— m 

{«) By alkaline reduction, glucose yieT&td the hexahydrie alcohol sorbitol , 
C f) H 8 (OH) r „ which, by reaction with fueling hydriodic acid, formed normal 
secondary hexyl iodide , CH 3 .CJI 0 .OTI>OIKC1IT.CH. { , of known constitution. 
The carbon chain in glucose was* there fore non-cycljc a»d normal, and the 

pmilltl nf on lira u ■ 


formula of sorbitol was: 

CH 2 (0H).CH(0T[).CH(0II).CH(0H).CHt0IT).CHo(0>l). 


{b) Gentle oxidation of glucose gave gluconic acid, Cr,H,j(OH) & .COOH, 
which, on ultimato reduction with hydriodic acid, produced n-heroic acid, 
CH 3 .[CH 2 ] 4 .COOH. # • 

(e) More violent oxidation of glucose, or further oxidation of gluconic 
acid, produced a dibasic acid,* saccharic acid, COOII.[CH.^OII)]^COOH, 
which by ultimate reduction gave tt-auipic Jkid, COOH.CCHjjJ 4 .COOH. 


These reactions ftow that the six-membered normal carbon 
chain persists undivided throughout the course of oxidatiqn, so 
15 
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that the carbonyl .group present must be in the form of an 
aldehyde, - CHO. 

Accordingly the Baeyer-Fittig formula becomes obvious. 

On the other hand, fructose does not r yi^d an acid con¬ 
taining six carbon atoms when oxidized, but a mixture of 
a four carbon-atom and* a two carbon-atom acid (tnozybutyric 
acid, CH 2 (OH?CH(OH).CH(OH).COOH, and glycolUc acid, 
CH 2 (OH).COOH). Nevertheless, by reduction of fructose, 
s&rbitol and an isomeric normal-chain alcohol mannitol are formed, 
so that this sugar also possesses the normal six-membered chain 
of carbon atoms. 

These facts led Kruscman (1876), Iviliani (1881), and Zincke 
(1883) to the view thst fructose was of a ketonic nature, and 
since, as was pointed Out by Kijiani, the addition-product of 
prussic acid and fructose can be hydrolysed to' an acid which 
reduces ultimately to methyl-n-bntylacctic acid , 

. CH 3 .CH 2 .CH 2 .CH r CH(COOH).CH 3 , 

1 \ ' 1 r 
it follows that fructose is 

CH,(0H).CH(0H).CH(0H).CH(01T).C0.CH 2 (0H). 

The manner in which glucose and fructose are condensed to 
produce cane-sugar was not definitely settled until comparatively 
recently, and we null leave further discussion of the problem to 
an ensuing chapter. 

Several monosaccharides other than glucose or fruhtose were 
soon discovered or added to those already known, some of which 
were found to phcatfts the formula C-H 10 O ; . (i.e. were pentoses), 
whilst others were hezoses of an ahlchydic nature. 

Now, at about this period (1860-1875) the nature of optical 
activity in carbon compounds was attracting much notice, and 
in 1873 he Bel and van’t Hoff published their well-known theories 
connecting this property with the presence in a molecule of one 
or more “asymmetric carbon atoms.” The formula of glucose, 

CH 2 (OH). CH(OIl). dll(OH). c\i (OH). OH(OH). CHO, ( 

demands the presence of jour asymmetric®carbon atoms, and 
accordingly this would explain the existence of a number of 
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compounds isomeric and almost identical m, chemical behaviour 
with glucose, but possessing different physical properties and 
widely varying rotatory powers. m 

The work on Jlie sugars, therefore, subsequent to about 1875, 
is largely devoted to solving the intricate problem of *the 
{Shrtieulas molecular configuration • corresponding to each 
monosaccharide. • 

It is necessary to devote a separate chapter to a full descrip¬ 
tion of the means whereby the desired end has beon satisfac¬ 
torily attained, and, beyond mentioning that, as in the cases 
of*the purines (chap, x) and the polypeptides (chap, xi) the 
accomplishment of this somewhat appalling task is very largely 
due to Emil Fischer, we shall not in this.sectiCn proceed beyond 
an enumeration of the genera^ methods adopted. * 

It is v^ell to»appreciate the fact, in passing, that the consBtT^* 
tional formula'- of the aldohexT>scs and ketohexoses were proved 
simply by means of the above-mentioned reactions of reduction 
and oxidation, gentle and vigorous. \ . 

Subsequent to the date when those structures were settled, a 
number of the other important reactions were worked out, which 
proved essential to the further attack upon the molecular con¬ 
figuration of the members of the various classes *of optically- 
active monosaccharides. • 

The chief of these are:— - • 

(i) The" condensation of the fcarbonyl group - CO - with 
phenylhydrazine, producing pheni/Uu/drazones (IJ. Fischer, 1877). 

(ii) The extension of this reflation in the cases of sugars to the 

production <jf osazones (p. 222 ; E. Fischer, 1884). * 

(iii) The interaction of the carbonyl group - CO - with 
hydroxylamine, yielding oximes (Victor Meyer, 1882^. 

(iv) 'Transition from me series of monosaccharides to the next higher 
(e.g. from a pentose to a hejosa). 

•<- • 

This was first carried out by Kiliani in 1885-1886, by means of the 
addition product of anfftdose with hydrogen cyanide. Using P- to represent 
the residue CH a (OH).[CH(OH)]3- in a pentose, we see that the oxy-acid 
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resulting from iiydrolysij of the above product will be produced according to 
the scheme; * 

1 \ OHO + 1TCN->P. (711(011). CN->P. 01 j{ OH). COOH. 

TJ^p acid so formed ,-eadily yields a lactone with rfie hydroxyl group 
attached to the 7 -carbon atom in the chain, and alkaline reduction of tl\fe 
lactone produces a new oxy-fiflaehyde, P.(7H(0H).G1I0. 4 

It will be seen that another asymmetric carbon atom has now been added, 
and, as a matter of fact, in many cases two physically dilferent oxy-acids, 
P^(7H(0H).C00H, are produced by this reaction. 

(v) Transition from one series of monosaccharides to the next lower 
(< e.g . from a hexose to a pentose). 

Two methods are available hnre • 

(«) Wohl’s The oxime of an aldose is boiled with acetic 

inhydrV»e, when the poti/areli/l derivative of a nitrile (formed by detyydra- 
'"Pion*"of the -CH:N(OH) grSup) is produced; when tliiS' is hydrolysed, 
prussic acid is eliminated, and simultaneously the acetyl groups are 
saponified : 

' NH.OH ' Ac-0 , #J H.,0 

P.CH(oA).G1W -> P.CJl(OU).CH:lJiOH) -> P.ClI(O.CO.CIIj).CN -> 

P. OHO + JION + CU 3 .COOIL 

(A) Jtufs Reaction (1898).—By gentle oxidation au aldose is converted to 
the correspondirg monobasic acid ; for example, glucose (I) yields gluconic 
acid (II). By further oxidation, either with bromine in presence of lead 
carbonate, or with hydrogen dioxide in presence of basic iron acetate, this 
acid evolves carbon dioxide and \u ter, and becomes arabinose (III), the 
corresponding sugar in the next lower monosaccharide series : K 

P.CIf(OH).CT10 P.OH(OH).COOH -> P.OHO + CO- 4 - IT-O. 

d) (U) ’ (III) 



CHAPTER XIII 


THE CARBOHYDRATES: CONFIGURATIONS OF 

THE MONOSACCHARIDES # 

r • I. The Possible Isomers qf the Various Aldoses 

• 

W HEN we examine the constitutional fermulae of the aldo- 
dioses to aldo-hexoses ^inclusive), we find that asymmetric 
carbon atoms, exist in all of them except the dioses. '-SJk 
formulae* are as follows :— 


CH a (OII) 

CTL(OH) 

CHJOH) 

CH.»(OH) 

. CH 2 (OH) 

1 • 

1 

1 

1 « 

1 

+ • 

Clio 

011 ( 011 ) 

CH(Oli) 

on (OH) 

OH (Oil) 

011 ( 011 ) 

1 

CH(OII) 


1 

CHO 

| 

C’H(OH) 



1 

CHO 

| 

( 71 - 1 ( 011 ) 

| 

OH(OH) 

1 

CH(OH) 

1 

CHO 




| 

CHO 



" • 



Trios^. 

Tflr^sr. 

Vcntose. 

IIcxosc. 


•. Hence there is only one possible d«)***4kccordirig to the 
accepted theories), and in pdftft. of fact, nh/collir aldehyde, which 
is the only tliose known, is only found to exist in one form. 

The formula for a triose, however, possesses one asymmetric 
carbon atom, so that there are two possible active forms of this * 
compound ( dextro - and lai'o-), and, of course, a third ( racemic ) 
modification resulting frogi the presence of each optical isomeride 
in equal amounts in a mixture of tl»e two. 

With the higher monosaccharides complications ensue, owing 
to the presence more than one asymmetric carbon atom. 
Employing the tetroses (I) by way of example, it is seen that. 

229 
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. . * 

either asymmetric carbon £tom (a) or ( b ) may be dextro- or hevo- 
rotatory, so that we have the following combinations:— 


(a) dextro- + ( b ) dextro-; 

(a) dcitfcro- + 

(b) hero-; 

(a) hevo- + (4) dextro-; 

(a) lajvo- *+ 

(6) Ktvo*. 

CH 2 (OW)« 

i 

COOH 


(a) CH(Ofl) 

1 

(«) (7H(OII) 


| 

(h) (7H(OH) 

j 

(?/) (711(011) 


| 

CHO 

| 

COOI1 


(I) 

(II) 



It must be explain^! liero that, if the last group at each end of the molo- 
r cule is the same, as in tartrtSic *cid (II), the number of active forms is less, 
for in such a case the contribhtions of th%.asymmetric carbon atoms next to 
"tfiwse groups to the moleculai*asymmetry are exactly equal.*- f , 

Consequently the forms (</) dextro- i^(&) la-vo- and (a) ioevo- 1- (&) dextro- 
are identical, and are represented hy the inactive me so- form produced by 
this “ internal compensation. ’’ , 

This t'aot is important in connection*with the configuration of tITc poly- 
liydrie alcohols and dibasic oxy-aeids closely related to the monosaccharides. 


Proceeding to the pentoses, it will be found by similar procedure 
to the above /.hat eight active forms (four dextro- and four Imvo-) 
are here possible. A less cumbersome method of determining 
the number of possible isomers of the various sugars is due to 
van’t Hoff, who showed that asymmetric atoms are present 
in the molecule, the total uuml*3r of active forms will be 2". 

Hence the number of optical isomerides in the different classes 
is as follows:— * * 

Monosnrrht t eifo s. No. of as//mm Hr ic atoms. No. qf isomerides. 


Dioses. 0 

Trioses. 1 

a 

Teti •oses. 2 

Pentoses. * 3 


2°= I 
2 l = 2 
2 a = 4 
2 «= 8 


Hexoses. 4 * # 2*=16 

Heptoses. % 5 2 6 ^=32 r j^' 

We will n-xt enumerate in a series of tables th^Sifferent 
configurations corresponding to the tri-, tetrapent-, and hex-oses, 
. and their correlated polyhydnc alcohols and dibasic oxy-acids. 
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This will be facilitated by the use of a vejy gerferal conventional formula¬ 
tion, in which the asymmetric carbon atoms arc Represented by dots, an 
atom asymmetric in one sense (with respect to the adjacent groups) by 
writing the H atom to tlm right of the OH group, and o«e in the other sense 
by the H atom be^g to too left of the OH group. Thus the above formula?, 
for the forms (a) dextro- (ft ) Icevo- of a tetroso (1} and tartaric acid#(II) 
become: „ 

• • • 


CH 2 (OH) 
(a) HO.H 
(ft) HO.H* 
CHO 


COOH, 
(«) HO.H 
(ft) HO.H* 
COOH 


(I) (II, internally compensated) 

fn this way the different configurations of each series resolve themselves 
into a*nun box* of enantiomorphously-related pairs, to which the d- and l- 
fornis of the actual different sugars correspond.^ It if, of course, impossible 
to say that, of any pairs of configurations, o?ie,c:orresponds to tlie d-, and th* 
other to the sugar ; but it is Aorely necessary arbitrarily to assign ope 
fonnulatkm to represent one form o£ the actual sugars, and conversely. 

In the ensuing tables, the arbitrary “ dextra- ” forms are given in tlie first, 
and the corresponding “ feevo- ” in the second columns. 


* At first sight it seems that the asymmetric atom (ft) has also been written 
as a dextro- component, but it must be always borne in mind that the space- 
formula; in this chapter are given only in the form of projections on a plane 
surface (the leaf of the hook) ; hence care must be exerciser^ as to the point 
of view from which the atoms are regarded. 

The simplest method of ensuring accuracy is mentally to consider each 
individual group in corresponding poetises ; in this way we may write (in 
the above formula), a dextro- atom attached to the (CH 2 OH) residue as: 


C 11,(011) 

HO.H „ • 

I « 

V ' 

The Icuvo-, form of the rcmaiuiug part of the molecule is therefore 


CHO 

11 .011, or, when inverted, 

I 

Thus the form (ct) dextro- (ft) Icevo- is : 

• CHjOU) 
HO.H 
HO.H 
CHO 


I 

HO.H 

£H0 
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The Triosem 


Possible active isomers: 2. Corresponding active alcohols or dibasic acids: 0. 


CHo(OH) CH.,(OlI) 
IIO. II H.OH 

•CHO CIIO 


CH 2 (0II) * COOH 

OH(OH) *CH(OH) 

CII 2 (OIl) COOH 


(Id) 


(10 * (The asymmetric carbon atom'disappears) 


The Tetroses 

Possible active forms: 4. Corresponding active alcohols or dibasic acids: 3. 


cuboid 

CIL(OH) 

COOH 

COOH 

IIO.H 

Tl.OH 

H0.T1 

n.oir 

H.OH 

IIO.H*- 

ir.oii 

110.H 

CHO 

C110 * 

COOH 

COOJl' 


(1/) 

(Id) * 

dO 

cn,(om 

enroll) 

COOH 

COOH 

IIO.H 

H.OH 

HO.H 

H.OH 

HO.H 

Il.OH 

IIO.H 

H 0,H 

CHO * 

CHO 

CO<?H 

COOH 

(2d) 

(2/) 

(20 

(Identical with 2 i) 


These formula? represent respectively the d-, 
l- t and i-[mcso~) forms of tartaric acid. 


Possible active forms : 8. 


Tub PfNTOfiKs 

Corresponding active alcohols or dibasic acids: 4. 


CHo(OH) CIL(Ofl) COOIT 

IIO.H iI.OJLr> HO.H 

IIO. II II. OH no.ir^. 

iio.n ' rr.OH iio.H 

cho cho coon 


( OOH 
II. on 
H.OH 

n.oir. 
coon 


M U0 


U0 


(Identical with 1 i) 


CH.,(OIl) (!IT.,(0H) * COOH 

HO.H 11.011 T10.1I * 

HO,H H.OH HO.H 

H.OH HO.H II.0I1 ' 

CHO CHO COOH 


(2d) (21) (2d) 


COOH 
11.011 
n.oir r 

HO.H 
• COOH 
( 21 ) 
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The. Pentoses— Continued 


CH 2 (OH) 

CH 3 (0H1 

COOH 

QOOH 

H.OH 

HO.Q # 1 

Il.OH 

IIO.H 

HO. IF 

H.OII 

IIO.H 

% II.OII 

41. OH 

HO.H 

H.OH 

IIO.H 

CHO * 

CHO 

COOII 

COOH 

(3d) 

% 

(30 

(30 

(Identical with 3i) 

CH 2 (01I) 

CIL(OH) 

COOH 

COOH 

H.OH 

HO.H 

H.OII 

HO.H 

IIO*H 

H.OH 

HO.H . 

11.011 

IIO.H • 

H.OII 

IIO.H 

H.OH 

CIIO 

CIIO 

COOH 

.COOH 

(id) 

(«) 

(Identical with if) * 

(Identical with 2d) 

There ard*thus only four 

w 

distinct forms of the trioxyglutaric acids. In 

those acids the central carbon atom has hist its asymmetric nature (being 

united to two 

--6 , L1(01I).C00H radicles), whilst of the remaining two, in 

acidsj/ aid 3/, 

civ is dextra- 

and thof)ther hvvo-. 

, the asymmetry^ each 

being the same, 

Hence incso 

-acids result. 


The acids from sugars id and 4 1 are respectively the same as those from 21 

and 2d. 






Tiie JIexoses 


Passible (idiirfor)ns: 10 . 

Corrcsjtond! tractive ah'ohoh or dibasi>■ adds: 10. 

CH.,(0*J) 

i CIT..(QH) 

, COOH 

COOH 

110. H 

H.OU 

HO.H 

H.OH 

HO.H 

11.011 

• HO.H 

... • H.OII 

IIO.H 

II.01I 

4 1IO.IJ 

* II.OII 

IIO.JI 

H.OII 

110.11 

II .-OH 

CHO 

* ciro 

COOH 

COOH 

(Id) 

(1/) 

00 

(Identical with 1 i) 

CH a (011) 

CJI,(OH) 

(.’poll 

Ct)011 

HO.H 

H.OII 

• T10.II 

H.OH 

110.11 

H.OII 

• IIO.H 

H.OH 

HO.H * 

H.OH 

• 110*11 

H.OH 

II. OH 

HO.H 

H.OII 

HO.H 

CHO 

CH<* 

COOH 

COOH 

(2d) 

(21) 

(2d) 

(21) 



234 THIRD YEAR ORGANIC] CHEMISTRY 


The Hexosks— continued 


CII 2 ( 0 I 1 ) 

* CII 2 (OII) 

cocvi 

COOH 

HO.H 

H.OH 

110.11 , 

f , H.OH 

HO.H 

H.bll 

HO.H 

H.OH 

H.OH 

UO.H . « 

II.OH 

1 IQ.H e 

HO.H 

. ii.oh 

HO.H 

H.OH 

OHO 

CHO 

COOH 

COOH 

m 

(SO 

(2d) 

(31) 

CHo(OII) 

OH 2 (OII) 

COOH 

COOII 

H.Oll 

HO.H 

H.OH 

HO.H 

HO.H 

II.OH 

HO.H 

II.OH 

H.OH 

lit). IT c _ 

II.OH 

HO.H 

H.OH 

HO. 11 * 

H.Oll 

HO.H 

C 110 

CHO , 

# COOH 

COOU 

a 

(id) 

(40 

^Identical with 3 '/) (Identical with 3 /) 


Cifa(OH) C1UOJI) 

lfO?H II. 011 

II.01I 110. Ji 

H.Oll iro.H 

H.Oll HO.H 

C1I0* CI10 


COOII 

1I0.H 

H.Oll 

icon 

H.OH 

COOII 


COOII 

h.cTii 

HO.H 

HO.H 

HO.H 

COOII 


(5d) ( 5 l) (Mentical with 2d) (Identical with 21) 


CH a (OH) 

Cl 1 ,( 011 ) 

COOII 

COOII 

110.11 

H.OH 

110.11 o 

H.OFI 

1 T 0 .IT 

H.Oll 

HO.H 

H.OH 

H.OH 


• H.Oll 

HO.H 

H.Oll 

no.n 

II.OH 

HO.H 

end 

CIIO 

('0011 

t COOH 

( 6 d) 

( 6 /) 

( 6 d) 

(60 

CHJOH) 

011 ,( 011 ) 

COOII 

COOII 

HO.H 

FI. OH 

HO.H 

H.OH 

H.OH 

HO.H 

•II.OH 

HO.H 

H.OH 

HO.H 

, H.OH 

110 . II 

HO.H 

H.OH 

HO.H 

II.OH 

CHO 

CHO 

C 001 * 

COOH 

m 

(71) 

(70 

(Identical with 7 i) 
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OH 2 (OfI) 

Thk Hbxosbs —continued 

CII 2 (0H) COOII 

• COOH 

H.OH 

h<*h . 

H.OH 

HO.H 

HO. 11 

II.OIl 

HO.H * 

H.OH 

» H. OH . 

HO. II 

H.oy , 

HO.H 

HO.H 

H.OH 

HO.H 

H.OH 

OHO 

CHO 

COOH 

COOH 

m 

(8/) 

(8d) 

m 


Hence, there should be ten tetraoxyadipic acids—two wean-, four dcxtru-, 
a*n*l l%ur Jcevo- forms. . 

• 

The number of active forms of the sugars thus demanded by 
stereo-chemical theory is known to bft gatisfied by the facts as < 
regards the trioses (2), tetroscs^4), and pentoses (8), the numbers, 
in brackets indicating the members actually discovered up to the 
present in each series. 

Again, only two or three of the possible aidohexoscs^ remain 
to be accounted for, but in the'iiigher classes very few riTefnbcrs 
are yet known. It is thus unnecessary to enter into details of 
the configurations of the heptoses, octoses, or nonoses. 

It should be distinctly understood that, in addition to the*choice of the 
above enantiomorphous formulae bftng purely arbitrary, it happens not in¬ 
frequently that by chemical means a substance such as (/-glucose is con¬ 
verted into a closely-related derivative vfliose optical rotatory power is of 
quite opposite sign ; amk that, in such eases, in order to preserve the above 
system, the derivative so produced would still be referred to as a dexlro- 
oojupound, in spite of its actual rtkuo-rotation. . , • 

We shall pow describe how, in tho more important cases, the 
determination of the configuration of particular sugars has been 
achieved. This problem can be attacked from several points, 
one of the simplest being to commence with the consideration of 
the individual pentoses. 
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II. Configuration-Determination of the Aldopentoses 

As shown on p. 232, there are eight ( possibilities to be con¬ 
sidered; these arrange themselves in four pairs of optical 
cnantiomorphs, so that :ve need only consider the fov* de.rtro* (or 
the four hvvo-) forms—for example, those corresponding to con¬ 
figurations Id, 2d, 3d, and id. 

Eight aldopentoses are already known, namely, d- and 
/-arabinose, d- and /-ribose, d- and Z-xylose, and d~ and Z-lyxose. 
The problem is very easily solved in this case :— * 

k 

(i) Of these sugars, arabinose und ribose give the same osazonc. 

(ii) On oxidation, arabinose gives an optically active dibasic acid; ribose 

gives an optically inactive dilyvne acid; xylose gives an optically 
— inactive dibasic acid. - * , 

(iii) When submitted to Kiliani’s'Heaotion (p. 227), and subsequently 

oxidized to a dibasic acid, arabinose gives a mixture of two acids, 
bo+li optically active ; lyxoseg ives a mixture of two acids, one active 
biid one inactive. e 

Let us consider what these reactions imply. 

(i) It is known that an osazone is formed by the oxidation of 
a - (7H(Ofi) - group adjacent to the carbonyl radicle. Thus 

R.CH(OH).CHO — > R.C(:N.NIIPh).OH(:N.NHPh), 

so that the asymmetry of the carbon atom next to^ the group 

- CHO is destroyed. 

If, then, two sugars give the same osazone, their configurations 
must be identicahexcept as regards the carbon atom next to the 

- CHO gfoup. 

Hence, arabinose and ribose must be either (1 and 2) or (3 and 4). 

(ii) Pentoses 1 and 3 give optically inactive dibasic acids. 

Pentoses 2 and 4 give optically active dibasic acids. 
Hence, arabinose is either 2 or 4*, ribose and xylose are (1 and 3). 
So that lyxose must be either 4 or 2. * , 

(iii) By Kiliani’s reaction, a new asymmetric carbon atom is 

formed in the molecule:— • 


R.CHO 


R.(7I'(OH).CN —> R. G Y H(OH).COOH. 
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1 

Applying this, after oxidation of the new sugar t6 a dibasic 
acid, to the pentoses 1 d- id, we have:— 



1 

• 

CH,(OII) 

% CQOH 

COOIT 

HO. II 

HO.H 

IIO. H % 

HO!?I — ¥ -> 

HO.H and 

IIO.II (both critically active) 

HO. II 

HO.H 

HO.H 

CHO 

H.OII 

IIO.II 

• 

COOLi 

COOTI 

<W) 

art ire 

active 

CHo(OH) 

COO H 

COO\i 

HO.H 

HO.H 

IIO.II 

HO. H- 

IIO. II and 

HO. II (bojjli optically activo) 

H.OII 

H.OII 

H.OII 

CHO 

p ri.oH 

1l5.ll # 

• 

coon 

('0011 

m 

art ice 

active 


• 

» 

oH,>(OH) 

COO II 

C0OI1 

ir.oii 

H.OII 

h:oii 

HO. H —> 

HO.H and 

ITO.H (both optically active] 

H.OII 

H.OII 

IT. OH 

Clio 

H.OII 

IIO. If * 


('0011 

% COOH 

m 

active 

9 

active 

• 

CIl.,(OH) * 

COftl! 

COOH 

H.OII 

H.OII 

H.OII 

HOfH->■ 

IIO. II and 

*HO.II (one acid-!', fnactive, the othei 

HO.H 

HO.H 

H0.I1 is active) 

CHO 

H.OII 

HO.H 


COOH 

COOH 

m 

active 

live 

Now, from (ii), 


m 

* arabinose ancf lyxose forjp (2 and 4). 


But lyxose gives an inactive ana an active acid by Kiliani’s reaction. 


Therefore lyxose musfrbe 4. 
So that arabinose is 2. 
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r' 

Hence, by \i), ( ’ < 

since arabinose and ribosc are (1 and 2) or (3 and 4) 
arajnnose being 2, ribose corresponds to 1. 

Thus finally, . r ,, 

° d- and l-llibose correspond to configurations 1 d and 1/ 

d- and 1-dralinooc* „ „ „ 2d and 21 

d- and ULyxose ,, „ „ 4 d and M 

and so, by elimination, 

d- and l-Xylose „ „ M and 3/ 


III. Con figuration-Determ i nation oe Glucose, Mannose, 

AND Gk\LACTOSE (ALDOIIEXOSES) 

« 

* 

*- (a) Glucose, aiul Mannose. * r 

u 

The configuration of glucose can be determined, from due 
consideration of the various chemical relationships between the 
hexosei; on lines similar to those developed for the pentoses; 
but it is very much more simple to determine in the first place 
the configuration of the latter class, and thus, knowing that’ of 
arabinose, to use this in discovering that of glucose. 

We need then quote only two reactions of glucose and mannose 
in order definitely to assign tlie appropriate stereochemical 
structure to each :— « 4 

(i) By Kiliani’s reaction, Aurabinosc yields a mixture of two 
hexoses, l-glume and l-mannose. 

(ii) The dibasfcacid formed when glucose is oxidized, saccharic 
add , is altfo produced when another hexose, gulosq, is similarly 
treated. 

The following deductions therefore ensue:— 

(i) Since the dextru- and 1<kco- forms of a compound are identical except in 
the sign of their rotation, we may make the ( non-essential , but for the 
present purpose simplifying) assumption that d-arabinose, will give the 
dextoro -hexoses of which the Zceiv5-compoutd3 from Z-arabinose are the optical 
antipodes. , 

As shown above, (Z-arabinose is pentose 2 d, so that the hexoses formed 
from it by Kiliani’s reaction will be represented thus: 



t 


THE 


d-Arabinosc 



RBOHYDRATES 


d-Ght§ose ifnd d-Manjlose 


CH 2 (OH) 

HO.H 

•IIO.H 

H.OII 

CHO 


2 d (Pentose) 


CHo(OII) 
IIO.H 
1IO.JI . 

H.OII 
HO.II 
CIIO* * 
3 d (llexoso) 


CH 2 (0H) 

iio. n 

HO.H 

*H.OH 

H.OII 

CHO 

6d (Hexose) 
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These sugars correspond with conlignrations 3d and M in the table of 
possible active aldohexoses (pp. 233-35). 

(ii) When two different sugars give the optically identical dibasic acid by 
oxidation, it is plainly implied that the configurations of each of the four 
asymmetric carbon atoms arc the same in each molecule (for otherwise an 
optically different acid will be produced in one case to*that formed in Jho 
other). Hence the only distinction in the sugfrs^cau be that their primary 
alcohol, (CH.jOIl -) and aldehydic*(- Cl 10) groups are, so to speak, 
interchanged. * * 

Lot us seo, then, what ha s wficu we interchange these groups in 
hexoscs 3d and 6d: 


CH 2 (0lf) 
HO.H 
HO.II 
IT. OH 
HO.H 
CHO 
3d 

CH a (OIl) 
HO.H 
HO.H 
H.OII 
II. OH 
CIIO 
6d 


—Ty¬ 


coon 

1I0.II 

HO.II 

H.OII 

HO.H 

COOH 


COOH 

110.41 

HO.H 

H.OII 

H.OII 

COOH 




^— 


CHO / 
IIO.H 
HO.H 
H.OII . 
IIO.H \ 


0^(011) 

If.OHy 

equivalent to HO.H 
ll.OH 
• H.OH 


01 ,( 011 ) 


CHO / 

(different from 3d) 


tmo 

HO.H 

HO.H 

H.OII 

H.OH 


/ CU a (OH) 

/ IIO.H V 

equivalent to HO.H 
* . • ll.OH 
H.OH 


CII L> (0I1) 


CHO/ 
(identical with 6d) 


In other words, the dibasic acid from 6d can only result from this one 
sugar, whereas that from 3d can be formed by the oxidation of either of two 
sugars. • 

Now, saccharic add can be produced by the oxidation of either glucose or 
gulose , so that, since glucose is either 3d or 0N, it must bo 3d. 


Hence, d- and l-Glmose correspond to configurations Zd and 3l } 
and therefore, d- and l-Mannose ,, „ „ 6 d and 6/. 


9 ) 



240 THIRD YEAR ORGANICj CHEMISTRY 

In confiAnation.of thk view, and more particularly of the 
evidence afforded by Kilianfs reaction when a new asymmetric 
carbon atom iyas introduced, we find t^at glucose and mannose 
yield the same osazone (i.e. their configuratifns are identical 
except as regards that of the carbon atom next to the aldehydic 
group). «* i ? 

(b) Galactose. 

(i) On oxidation to a dibasic acid, galactose yields an optically 
inactive product. 

(ii) By Kiliani’s reaction, and subsequent oxidation,, two 
optically active acids are produced. 

Hence, (i) from the table of hexoscs, we sec that the only 
sugars giving inactive acids are Id (1?) and 7 d (71). 

We have now to investigate the acids formed from sugars Id 


aud Id by the oxidation of the product of Kiliani’s reaction - 


«/ 

CHo(Oil) 

CH a (OII) 

IT 

OH,(Oil) 

COOTi 

COOII 

HO.Ill , 

HO.H 

H(; b H 

rio.i: 

HO. H 

HO. H 

HO. II 

ITOll 

HO.H 

HO.H 

HO.H —> 

HO.H and 

HO.H 

HO.H and 

HO.H 

IIO.H 

HO.H 

HO. II 

iro.it 

HO.H 

CHO 

HO.il 

II. OH 

JIO.II 

H.OH 


C110 

0110 

C00I1 

COOH 

Id 


i 

inactive 

active 

CH,(OII) 

CH :i (OH) ' 

CTf.,(01I) 

COOTI 

COOH 

HO.H 

HO.H 

IIO.H 

HO.H 

HO.H 

H.OH 

H.OH 

II.01I 

H.OH 

H.OH 

H.OH —> 

JJ.0II and 

H.OH —^ 

H.OH and 

H.OH 

110.11 

HO.H 

110. II 

HO. TT 

HO.H 

CHO 

IIO.H 

H.OH 

HO.H , 

H.OH 


CIIO 

CHO 

COOH 

COOH 

7d 



active 

a,dive 


The first acid formulated from hexose 1 d is a wwso-compound, 
its central carbon atom having become non-asymmetric, whilst 
those on either side are respectively taro- and dextro-. 

Hence «nly 7d gives two active r acids, and therefore galactose 
corresponds to this configuration. o 

Maintaining the convention as to dextro- and laivo- configura- 
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tions which was mentioned on page 1X31, we .have, therefore, the 
following stereoformul® for the three most important of the 
aldohexoses:— % . 


(3 </)' 
CH 2 (OH) 
1*0. H 
iro.H 
II. OH 
HO. II 
CHO 
/-Glucose 


(<M) 

CH.,(01J) 
HO. 11 
HO. II 
II. OH 
H.OII 
CHO 

//-Mannose 


, (M) 

CH 2 (OH) 
HO. 11 
H.OII 
H.OII 
llO.H 
CIIO 

(/-Galactose 


IV. Configuration-Determination of thm Al dot ethoses 

and the Tartaric? Acids < 

* 

(a) Th% Wi'Jaes. * 

The table of aldotetroses on p. 232 shows that only two pairs 
of enantiomorphous sugars have to be discussed, namely, d- and 
1-erythroje, and^f- and l-thrconr. * .. 

Now, it has been found that l-xylose (pentose 31), by “degrada¬ 
tion” to a tetrose according to Wohl’s reaction (page 228) 
furnishes l-fhreose. 

Therefore, since Uvylose is represented by:— 

# CIL(01i) 

H0.I1 #,* 

H.OII 
IT. Oil* 

- CHO 


l-ihreoxe must correspond to * 


CIL(OII) 

I10.lT 

H.OII (tetrose 1<Z) 
CIIO . 


so that d-threose is:— 

• ClI 2 (Olt) 

H.OH 

HO'II (tetrose U) 
CHO 


16 
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°( 


Correspondingly, d- arfd l-erythrose are represented stereo- 
ehemically respectively as:— 


OiL(OH) 

HO. H 

HO.II' (tetrose 2d) and 
CJIO 


^H o (0H) 

11 . OH 

11. OH (tetroso 21) 
011 0 


(b) The tartaric acids and malic acids. 

The configurations of the various tartaric acids and malic acids 
,,can also be derived in accordance with the notation employed 


for the sugars. 

Thus, l-threuse when oxidized to a dibasic acid by the cuttorfi- 
ary means is found to give l-tartaric acid , which therefore corre¬ 


sponds to configuration I below. 

On the other hand, d tartaric acid is produced when d-saccharic 
acid (from d-glucose) is further oxidized, and possesses the con¬ 
figuration II below : — 


ClJo(OH) 

HO. II 
HO.II 

11.0 H —> 

HO.II 
CHO 


coon 


no. h 

s • | 

IK'/. II 

OOOH 

H.OH 

—> H.OH 

HO.II 

110.H 

COOII 

COOII 


d-Glu< osc 


d-Saccharic acid, 


(l- Tartaric acid 


The configurations of d- } and i- ( meso-) tartaric acids are thus 


respectively 

- 

' y 


COOII 

COOII 

COOII 

✓ COOlh 

UO.ll 

H.OH 

ii.oir / 

f 110 . H 

H.OH 

. IJO.II and 

11.011 

identi - IIO.H 

COOII 

COOH 

COOII l 

<al with COOH 

1 

11 

III ' 



with respect to the configuration of d-yhuvsc assigned as above. 

Finally, since d- and l-tartaric acids are respecti vely reduced to 
d- and l-malic acids by the action of hydriodic acid, the optically 
active malic acids will be represented by:— 

00011 - COOII 

on 1 on 

110.11 .and IT«QH 

coon * doon 

d-MalU l-Malic 
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V. Configuration-Determination of*Fructose and 
Sorbinose (Ketohexoses) 

It is very casj to -assign the appropriate configurations to £he 
ketohexoses which contain the carbonyl^ group adjacent to the 
terminal {flcoholic residue : *— 

» 

. CJIafOlIJ.Cir^IIJ.CTIfOHJ.aifOHJ.CO.ClUOH). 

As already mentioned (p. 226), it is known that fructose (and 
|ds^ sorbinose) belong to this type of compound. Furthermore, 
the ketoses possess one asymmetric carbon atom less than the 
corresponding aldoses. , 

Now, in the formation of ostiums * from aldohcxoses, the* 
asymmetry of the carbon atoA adjacent to the aldehyde group 
is destroyed (compare p. 236V; and again d-“fnirtosazom ” is 
identical with d-ylncusawne, whilst the osoume of d-gulose, (which, 
as we found on p. 239, corresponds to d-glncose with the positions 
of the CU 2 (Oll) - and - CH(» groups interchanged) is fcfentical 
with that obtained when d-sorbiuose is treated with excess of 
phenylhydrazine. 

These relations determine, the configuration of both ketoses :— 


CIL(OII) 
l IO.II 
110.1) # 

• ir.OJI - -> 

110.11 

Clio 

ll-(fltiO'SC 

•CH(OU) 

. n.oir 

HO.H 

11.011-> 

11.OH 

CHO • 

d-Oulose 


• cn.j(oii) 

110.11. 

11 of It 

ll. # 0ll — 

C(:>'.NH.C h H,) 
110(:N. Nil. CVII,). 

rf-flllO nHiCtjtid 

9 

CII(OJI) 

II.on 
1I0.II 

H.0I1 •<- 

, C(:*N.N |].C,;H S ) 

lJC(:N.NH.CoH a ) 

. d-Uulo9u~one 




9 


nose 


* As a matter of faefc^ketoses with the - CO - group in other positions with 
respect to the -OH 2 (OH) radicle are not known with certainty. 
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The configurations of d- fend l-Frudose and of d- and l-Sorbinose 
are consequently as follows :— 

CH 2 (OJT) * CTL(OH) OH a (OHf OH 2 (OII) 

HO. II H.OII 11. 011 , fTO.H 

IIO.H it. OH IfO.H H.OH 

II.OH HO. H« , II OH HO.Il, 

CO , CO CO CO 

CH^OH) CHo(OII) 011.(011) CH.(OH) 

d-Fructose f-Frwtosc. d-So rhinos? /-Sorbinose 




CHAPTER Xrv* 

•THE CARBOHYDRATES: MONOSACCHARIDES AND 
CYCLIC SUGARS AND THEIR DERIVATIVES 

I. The Dioses 

F ROM the point of view of our or%itfal definition of a mono-^ 
saccharide as a compouifd of the formula C m H, m 0 m , it is 
obvious *thaT the first term of, the series will be formaldehyde , 
CH 2 0 ; we have, indeed, included it in the classification of 
carbohydrates given in the course of chapter xii. (p. 219). 

Bearing in "mind, however, the further characteristicsMf these 
substances which have been developed in the two preceding 
chapters, it will be seen that other conditions besides the pos¬ 
session’of an empirical formula |CH 2 0] lU must be Julfilled by a 
monosaccharide :— 

(i) It must possess a carbonyl # group, either aldehydic or 
ketonic, and also tme or more alcoholic groups. 

(ii) To "every carbon atom in t[te molecule other than that of 
the carbonyl residue, must be attached a hydroxyl group. 

•.These restrictions exclude formaldehyde froift consideration as 
a “ saccharide,” and leave a^rfirst member of the series the mono¬ 
aldehyde of glycol , C a H 4 0. 2 or CH a (OI-I)UHO. 

This division is not entirely mechanical, for there exist well- 
marked physical distinctions between formaldehyde and the 
monosaccharides. The latter substances are syrupy, viscous 
liquids or crystalline solidg, with very sweet taste, but no smell ; 
formaldehyde, CH 2 0, is a gag, with <•§ pungent, choking smell and 
acrid taste. 

It is true that tlie polymeric forms of formaldehyde are both 

liquid and solid, but these substances (wlfich possess the formula 

^ an 
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t 4 , 

(CH.,0)n, n bfiing greater than 1) are more closely connected with 
the higher monosaccharides than with formaldehyde itself, and 
indeed, it is possible to polymerise formaldehyde into compounds 
of the formula (CH,p) n , which have been found (,6 belong to the 
hexoses. 

We will return to this fioint in the next chapter (p. £86) when 
dealing with the synthetic production of the hexoses, and now 
proceed briefly to describe the simplest class of true mono¬ 
saccharides, the dioses , which includes only the com¬ 

pound already mentioned, glycollic aldehyde. 

Glycollic aldehyde or glycoldse CH<>(OH).CIIO, was obtained 
originally in aqueous solution by the careful treatment of mono- 
^bromacetaldehyde, CH 2 3r/3HO, with baryta water, or from its 
acetal (from bromoacetai and silver oxide) when this compound 
was treated with aqueous hydrochloric acid :— ^ < 


CH. 1 .CH(OEt) J >CH,Br.CH(OKt),->CFT,,(OH).Cn(OEt),->CH. J (OH).CHO. 

Acqtgl Bromoacetai Glycolacetal * Glycolosc. 

«• 

It was first prepared pure by Fenton in 1894 by the action of 
warm water on dioxymaleic acid (p. 274) :— 

t.i 

C(OH).COOH /CU(OIl)»; CH,(OH) 

--V / J| ) |-2CO) -> I 

C(OH).OOOH v Ci T pil)/ - CHO 

c 

Glycolose separates from its concentrated aqueous Solution after prolonged 
standing in a vacuu^m in the form, of larger colourless crystals which molt 
at 95°. Like the higher sugars, it is readily solublo in water, less sohn 
cold alcohol,,and only sparingly in ethu v . It readily induces Fehling’s 
solution, being thereby transformed to glyoxylic, and Eventually to 
oxalic acid. It responds to tho various qualitative colour, etc., tests 
for the sugars ( cf. p. 223), and with phenylhydrazine yields an osazone, 
CH(:N.NH.C#H 5 ).CH(:N.NH.C< i H-,),which, as would be expected, is identical 
with the diphenylhydrazone of rflyoxal, CHO.CHO, and melts at 177°. 

On the other hand, glycolose resembles formaldehyde in its condensations 
to members of the tetrose and herzose series in presence of dilute nlkalies. 

By addition of ammonium cyanide to glycolose , and subsequent oareful 
saponification, serin (chap. xi. p. 208) is produced * 

CHa(OH).CHO ->CH,(Oil). 6 ^NH 2 ).CN->CH 2 (OH).CH(NH 2 ).COOH. 
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» 1 

IT. The Trioses 


When glycesol is Seated with bromine water or hydrogen 
dioxide, a inixt^e of two primary oxidaticyi products results, 
and this is known as crude glycerose. Its constituents are glyceric 
aldehyde of glycerose (I) and dioxyacetone (fl). 


OH a (OH) 

I 

CH(OH) 

I 

CHu(OK) 


CHo(OH) 


> CH(OH)-^ 

I 

OHO 

(I) 


CH.,(OH) 

I 

CO 

I 

CHj(OH) 

(II) 


This mixture is a syrupy liquid, which possesses the character¬ 
istic taste and reducing react jpns of a Sugar, and which, when* 
treafed \^th*eold dilute alkali, passes into'a bimolecular condensa¬ 
tion product, C ft H lg O,., which is a mixture of various lioxoses (see 
chap, xv, p. 287). 

The separation of the constitftents of crude glycerose Jjps not 
yet been effected, but each has*becn prepared in a pure condition 
within the last few years by synthetic processes. 

A. Aldotriosks. Glycerose was first obtained pure by Wold 
in 1898 ; by means of a complicated process he prepared it from 
acrolein, CH 2 :CH.CfIO. Mofe recently it has been produced 
in very good yield by warming djljrfnnacrolein with water. 

OH 2 :CH.€HQ-> CH-Br. CH Br. CI10--> CH,,(OH).CH(OH).CHO. 

It is a crystalline solid melting at 137°, and in aqueous solution exists 
be oh in bi- and in mono-molecular forms. The bimdiecular modification 
has been supposed to be lactide-ljjce (p. 167) or a kind of lactone, 

* ‘ CH,(OH). CHlOH),CH— c^<OH) 

I y CH<OH) 

4<OHi . 

Glycerose is the lowest sugar whiph contains an Asymmetric 
carbon atom, but its optically active forms are not yet known in 
the pure 3tate. • 

I. Glycerose has resulted, together with other fermentation products, 
from the bacterial actum of certain specific organisms on higher Baocharides 
§u<?h aa^starch or cane-sugar. 
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B. KETomiosES. c I Dioxftacetone has been obtained pure by 

several methods :— «- 

\ 

(i) Biochemically, by the action of Bacterium ofylinum qn dilute aqueouB 
glycerol. r r i f 

^ii) Biochemically, by the action of Bacterium roseus on glucose. 

(iii) Chemically, from dibrcmacetonc and alkali:— f r 

CHoBv.CO.CH^Br ->■ CH a (OH).CO.CH 2 (OH). 

(iv) Chemically, from glycerol in presence of ozonized oxygen (Harries). 
G (v) Chemically, from glycerine by oxidation with quinone in sunlight 
(Ciamician and Silber). 

e t 

(i* i 

Dioxyacelom exists in both crystalline and amorphous,states, 
and very readily polymerises to hexoses, etc. 
r C. Methyltrioses. .Several homologues of glycerose are 
known, such as methylgjycerose aftd trimethyl glycerose. * 

Methylalyccrose , CH,.CH(OH).OH((jH).CHO, was obtained by Wohl in 
1902 from crotonic aldehyde, CH.,.CII:CH.C110, in tho same manner aa 
that by which acrolein was converted ,+o glycerose. 

Trimtihylglycerosc, (CH ;( ) 2 .C(OH).CH(0H).CO.CH.. was prepared by 
Harries by careful oxidation of mesityl oxide, (CH,; ) 2 . C: CH .CO. CH 3l with 
ice-cold permanganate. 


III. The Te, '”roses 

t 

In the same way that glycofol gives crude glycerose (glyceric 
aldehyde and dioxyacetone) whpn oxidized, tl^e normal tcirahydric 
alcohol erythritol (see p. 267) yields a mixture of aldo- and keto- 
tetroses on oxidation with hydrogen dioxide, sodium hypobromit j, 
or quinone ^in presence of sunlight^; and it has not yet been 
found practicable to separate the components of tlib somewhat 
complex mixture of tetroses formed. Three of the aldotetroses 
have, however, been prepared from the corresponding pentoses 
by Wohl’s or Ruff’s degradation reactions (p. 228). 

AtjDOTBTRoses. d-Erythrose, l-erythrose, aifd l-lhreose have been obtained 
by the abo'e-montioned processes^respectiv-jly from d-arabinose, l-arabinose, 
and f- xylose. All three sugars are syrups which show the general physioal 
and ohomical characteristics of the class, and thefe, together with the 
configuration of eaoh (as gii n on p, 232) may be given in tabular form - 
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Ref. on p. 23^. Confign. 

M.p. of 
osazone 

\ieducl%oy 

product. 

Oxidation product. 
(dibasic acid). 

d- Erythrose 

2d RO.H 

166° 

i-Erythritol. 

(•Tartaric acid. 

v H*).H 
2l\ . H.OH 


• 

Z- Erythrose 

164° 

t-Erythritol. 

(-Tartaric acid. 


' H.OH 


• 

rf-Tftreose „ 

Id HO.H 

191° 

Z-Erythritol. 

Z-Tartario acid. 


H.OH 




d-Erythrose is Zeew-rotatory, whilst Z-erythrosc and Z-threose 
are d«cZro-rotatory; this is a natural consequence of the notation 
used* which (as already pointed out on p. 235) has reference to the 
genetic .configurational relationships running through the whole 
of the monosaccharide Series, and not to the jiecessary sign of 
the actual rotatory power of any one uugar. 

* « • 

Racemic V* + Z*) erythrose cannot bp prepared by degradation of racemic 

arabinose, for on crystallization of the product one or other active form 
always separates out first (just as racemic tartrates can in general only bo 
obtained ’xithin ^certain limits of temperature). It has, however^ been 
prepared by mixing equal quantities of the dexlro - and Jasw-sugars, and 
gives an optically inactive osazone, melting at 101°, (d- + 1-) erythritol (by 
reduction), m.p. 72° (<•/. p. 268), and (d- -|- f-)tartaric acid (on oxidation). 

Keto- and Mettiyl-Tetroses are known, but are not of 
sufficient interest to warrant a # detailed description here. 


1Y. The Pentoses 

„ • • 

So far as is at present known, the dioses, trioses, and tetroses 
do not occuf naturally, apa have only been obtained in the 
laboratorysome of the 'pentoses, on the other hand, are found 
fairly plentifully in nature, a fact which conduces to the interest 
of their study. „ * 

In addition to all the usual Reactions of the monosaccharides, 
they are distinguished by twojpeculiaiities :— 

(i) They are not fermentable by the enzymes present in yeast 
(in contrast to most Hi the hexoses). 

(ii) They condense extremely readily to*furfurane derivatives 
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< 

(by distillation with dilutfe mineral acid). So complete is this 
change that it is commonly utilized for the quantitative determina¬ 
tion of pentosts, and also as a qualitative test by means of 
the colour reaction given by furfuraldchydc wtfih certain poly- 
Itydric phenols such as orcinol or phlorogluciilol (p. 223) :— 

C^OH»,CH„<OH> CH=CH 

| l_. + ’ H a c 

CH (OH>.CH (OH).CHO 

Reduction of the pentoses furnishes the corresponding penta- 
hydric alcohols, some of which also occur in plants; oxidation 
leads firstly to w-tetraoxy valeric acids, and then to w*trioxy- 
glutaric acids. •• , 

E The ketopentoses are not very definitely known, but we must 

consider some of the more important aldo- and methjl-pento&ss. 

% * 

A. Aldopentoses. 

(i) Arabinose. This is known in all three forms, dextro -, Icevo- 
and r&semic. d-Arabinose has nqt yet been found'in n£fture, but 
was prepared from cZ-glucose by Wohl in 1893. l-Arabinose , 
however, is found in the form of glucosides or of pentacelluloscs 
(p. 312) in certain gums (notably in cherry gum and gum arabic 
as arabinic acid, CioH.,.,0^) and also in carnivorous urine. 

( d- + 1-) Arabinose occurs in urine in certain diseases and is pre¬ 
pared chemically by crystal 1 kung equal amoruits of the active 
forms together from alcohol. t r 

Reduction of the arabinoses gives the arabitols , and oxidation, 
the monobasic atabonic, and the dibasic trioxyglvtaric acids. «. 

(ii) Xylose is also known in its fjliree optical modifications, of 

which the Icevo- antipode occurs in various vegetable and animal 
nucleo-proteids (e.g., in pepsin, urine} and beech wood gum). 
d- and {d- + 1-) Xyloses have only been artificially prepared, the 
former by* oxidation of d-gulonic lactone (Ruff’s reaction, from 
d-gulose, p. 239), the latter from bqual quantities of the active 
forms. * 

The xyloses are transformed to xylitols, stereoisomeric with 
the arabitols, by reduction; oxidation leads to xylonic (mono¬ 
basic) and to trioxygli&ai ic ^Libasic) acids. 
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(iii) Lyxose is only Ignowc in its dexiro-iakm, prepared from d-galactose 
by either Wold's orjftfift’s reactions. 

Its redactions produces id-ardhitol. 

(iv) URibose hadkbeen obtained from Z-ribonie acid, the corresponding 

monobasic aoid, wTiich .results by intramolecular a rearrangement when 
Z-arabonio acid is heated with quinolino. * 

Sy warming with alkalies it is transformed 4nth an equilibrium mixture 
of Z-arabinosc and Z-ribose (Z-arabinose of course behaves similarly). 

Jiacemic ribose has been prepared in analogous fashion by warming 
(d- + Z-) arabinose with dilute aqueous alkali. 

Beduction of Z-ribose gives i-{meso-)adonilol t an alcohol which occurs 
in the plant Adonis vernalis or Pheasant’s Eye (p. 269). 

*Th<? signs of the actual optical activity of these various sugars are as 
follows 

d- Arabinose — Z-Avabino.se +» 

d-Xylose — Z-Xylo.-.* * f 

^ d-Lyxosc -■ • — 

• ^ Z-Bibose * + 

» 

B. Methylpentoses. 

IthanwQse (also known as isodulcite) is a methyl homologue of 
the pentoses found in many gldcosides, very frequently in com¬ 
bination with the flavone dyes (chap. vi. p. 90). Thus it is 
combined with quercetin in qncrcitrin, C^T-L.O,.,, with fisetin in 
fisetin-glucoside -, C nti Ii., 0 O )t j, with d-glt^ose and hesperetin in 
hesperidin, C- 0 H 00 (X ( „ etc. etc. * 

It is a dextrorotatory sugar, existing ii* the hydrated ( +ILO) as well as 
in the anlijjflrous state, whilst in the latter-condition there is reason to 
believe that at least thrCo isomeric or ta*utomeric modifications may exist. 

On reduction it passes into rtymnitol (p. 269), whilst the monobasic aoid 
formed from it by oxidation is known as rhainnonic acid * further oxidation 
produces (dibasic) l-trioxyglularip (so that here the methyl group has 
disappeared). • S 

Distillation with dilifte sulphuric acid produces a-methyl- 
furfuraldehyde, so that, since rhamnose is an aldose, j^s formula 
must be s 

„ CH 3 .C'H(OH).C?HtOH).CH(Op).C , H(OH).CHO. 

When rhamnonic acid is heated with quinoline, isorhamnonic 
acid is formed, and feduction of the lactone of this acid gives an 
isomeric methylpentose known as isofhamilosc. 
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Isorhainnose and rhamnose ^ield the same ozasoncj with phenylhydrazine. 

Since the l-trioxyglutaric acid from rhamnose is identical with that obtained 
when Z-arabinose is oxidized (p. 250), and since, *& sliown above, Z-arabonic 
acid yields Z-ribofiic acid with quinoline, it is very like)* that rhamnose is 
a melhyl-l-arabinose, a’ld isorhamnose a melhyl-l-rihose f— 


CH,(OH^ , 

CH a (OH) 

OH 

H.OH 

H.OH 

H.OH 

HO.H 

H.OH 

OHO 

CHO 

Z-Arabinose. 

Z-Ribose. 

CH ;i 6 r H(OH) 

' CR,.OH(OH) 

H.OH 

H.OH 

H.01I 

H.OH.' 

HO.H , * 

H.OH 

CHO 

• CHO 


Rhamnose. „ Isorhamnose 


The following table summarizes the chief properties of the above 
pentoftgs:— ‘ - 



BeJ. on j* 232. J l.p. M.p. ofomzoue. fiedn. product 1st Oxidn. product. ZndOxidn. product. 
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Y. The Hexoses 

f 

Although rnfcre numerous as a class than the^rcceding mono¬ 
saccharides the various space isomerides irr tjie hexose series are 
not so important for [he configuration-determination processes as 
those of the lower series. Hence they will not be discussed so 
fully, except in the cases of those sugars which owe their interest 
to their extremely wide distribution in nature. 

It is also unnecessary again to describe the characteristic 
behaviour of the hexoses, as this subject has already received 
due attention (chap. xii. pp. 224-228 ; chap. xiii. pp. 238,-244). 

* 

A. Aljjohexoses. \ ' 

Glucose is by far tin*., most important aldohexose^owing to the 
fact of the abundant occurrence of its dcxtro- form in plants and 
animals. 

d-Glucosc ( dextrose , grape suggr) is found in the free^ condition 
in mdhy ripe fruits {e.g. grapes ol apples) and in honey ; it exists 
still more abundantly in combination in the following classes of 
substances : — 

(i) Di- etc., -saccharid' *. It is allied with d-fruclose in cane- 
sugar, with d-galactose in Inclose, wjiilst maltose is formed from two 
molecules of d-glucose. 

(ii) Polysaccharides . Mo&K of the starches and celluloses 
contain cZ-glucose in the combined state, and yield thiA substance 
when hydrolyzed by dilute sulphuric acid. 

(iii) Glucosides (see also p. 297). d-Glucose also occurs in union 
with a variety of organic compounds in the numerous glucosides 
found in plants. A few common matrices are 

Amygdalin (ci-gluco.se, ben/.aldehyde, and prussic acid). 

Indican ^-glucose and indoxyl; the indigo plant glueosido.) 

Myronic acid (d-glueosc, allyl mustard oil and potassium bisnlpliate). 

Arbutin (d-glueose and liydroquiuono). , 

Salicin (d-glucose and salicyl 1 alcoliol)^ 

d- Glucose may be prepared in the laboratory by the action of a 
, mixture of 90% alcohol and 10% fuming hydrochloric acid on as 
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much powdered caje-sugar as it will Eisso^ve # . On standing for 
a few days at tlj^room temperature, crystals of d-glucose com* 
mence to separate. \ 

On a comm8|pial scale, it is made by heating starch with 
boiling dilute sulphuric acid for some hours ; the resulting pF> 
dufffc is by.no means pure d-giucose, but«may be rccrystallized 
from methyl or ethyl alcohol containing a few drops of strong 
hydrochloric acid. 

Crude glucose may also be purified by means of its compounds 
with lime or baryta—which are of the type of metallic alcoholates 
(R.O) 2 Ca, etc. 

Prep&red in the above manner, d-glucose crystallizes from water 
with one molecule of Whter of crystallization a*id the “ d-glucose 
hydrate ” so formed melts at 86°. * * # 

By ciy^tjWiization from absolute alcohol anhydrous d-glucose is 
obtained, and this forms hard tablets, which melt at 146°. 

d-Glucosazone , which is also produced when phcnylhydrazine 
reaqts with either d-fructose or d-mannose , melts at 210°, and is 
Icevo- rotatory. 

The oxidation of d-glucose leads firstly to d-gluconic acid, 
ciqori).LOIl(OII) t.COOH, and then to d-saccharic acid, 
C06h.[CH(011)J,C00U. When the intone of thisdatter acid 
is induced carefully, an aldehyde-acid intermediate between 
gluconic and saccharic, and known as d-glucuronic acid, 
CH0.[CH(0H)] 1 .C0011, is produc'd (see pp. 275, 278). 

Reduction of d-gloscose produces d-sorbilol (p. 270) and traces of 
other alcohols, whilst alkalies tend to transform it to d-mannose 
and d-fructose. 


Like most sugars, d-glucos^xcrch ses a selective action to various 
ferments; some, such us,zymase (in yeast) convert it to alcohol 
and carbon ditycido, others do not attack it. 

When first dissolved in water, d-glucose possesses, a specific 
rotatory power [a„] = +104°, but this'soon commences to fall off, 
and after the lapse of a few hours, becomes constant at [aj = 
+ 62°. ' • 


This phenomenon is known as mutarotaiion, and is much 
hastened by warming the solution. Mut^rotation lias also been 

ad 
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observed with mapy oth&r sugars, but has/been most carefully 
studied in the case of d-glucose, and we will tafe. 1 * this opportunity 
to discuss it. l( «; 

At one time it was supposed that the altej?ftion in rotation 
.ms due to formation or decomposition of polymeric or of “ as¬ 
sociated ” glucose molecules; Raoult, however, measured"the 
molecular magnitude of glucose solutions of varying specific 
rotatory power, and found in all cases that the molecular weight 
agreed with the molecular formula (CFf 2 0), ; . 

It was therefore necessary to suppose that d-glucose existed 
in a number of isomeric or tautomeric modifications. M 

Now, Tanret (1895) succeeded in preparing three “distinct 
forms of anhydrous d-glucose as follows : : — 

(i) a-d-Glucose. This is the form usually obtained as hydrate, by crystal¬ 

lization from water below 30°. From boiling alcohol, a$. stated already, 
it separates anhydrous, molls at L4C°, and has[a„] — -i-100°. 1 

(ii) /3-d -Glucose. This was prepared by evaporating an acpieous solution 
of a-d-glucose nearly to dryness on a water-bath, with constant stirring, 
when pjicroscopic crystals separated, which possessed [a„j =+ C2.5°. 

(3-d-Qlucuse slowly forms a certain amount of a-d-glucosc when mixed 
with water, or with alcohol, an equilibrium ■ mixture of the a- and /3-d- forms 
being produced. 

(iii) y-d - Glucose . The thi"d form of d-glucose was obtained by heating 
the a-form to 105-110° (whereas the /3-fonn results if the temperature is 
below 100°). 

The production of the y-d-glucose is not complete for some hours, but 
finally a product possessing [aj,J= + 22.5° is produced, which in contact 
with water gradually passes into the /3-variety, [a ,] — + 52.5°r 


We liavc therefore to account for at least three isomeric forms 
of d-glucose. 

Now tin acid obtained from d-glucose by oxidation, d-gluconic 
acid , and also most of the known ^lyoxycarboxylic acids of 
this type, have been found to exist in the form of their y-lactones ; 
for example— 


CH.,(OH) - 
HO.H~ 

HO.H , 

H.OH 
HO.H 
COOH 


c 

O 


CH,(OH) 
HO.H 
v . .H 
' H.OH 
\ HO.H 
\ C& 


d-Gluconio ack' d-Gluconic lactone. 
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For this and oth&r reasons, it is very likely that the hexoses 
themselves frequfcfttly exist in a y-lactonic. form, such as: 

CH 3 ( pH). CIT ^DH). C H. OH (OH). C’H( OH). CH( OH) 


J*it us tjien consider the possible iVm.oridcs resulting from 

d-glucose and its hydrate : 


. CH.,(OH) 

CH,(OH) 

no.H 

HO.H 


HO.H 

HO.H 


H.OH 

H.OH 


• * HO.H 

HO.H 


« OHO 

OH (OH). 

cZ-Glucoso 

tf-Ohico^o hj’dyato 

(a) Enolizaiion of the 

carbonyl group in l- glucose . 

« CH ((HD 

OITo(OH) 

OH,(OH) 

no.ir h.o 

HO.H * -11,0 

HO.H 

HO.H - .HO.H -^ 

HO.H 

H.OH 

H.OH 

H.OH 

HO.H« 

HO.H 

1 

qoii) . 

(j 

CHO 

(.Tf(OU)., 

OH (OH) 

• d-Glucosc 

Hydrated form Ennhc form. 

The cnolic form can now pass back to either 

of three earbonylic 

varieties, according to 

the manner in which 

water is split off 

and the new configuration of ftiat carbon atom which, rendered 

non-asymmetric in the ; 

process of cuolization, 

has .again become 

asymmetric :— 

t 


CH a (OH) 

CH .(Oil) 

CH..(OH) 

- HO.H -^ 

HO.H" 

HO.H 

HO.H -<- 

HO.H 

HO.H 

H.OII 

Ti.OH or 

H.OH 

C(OH) 

*i().H 

H.OH 

II'. 

H ! 

1 

CH(OH) 

OH(OH)., 

('H(OH)_. 

Enolic form. 

4 

4 


OH,(OH) 

OHo(OH) 


ho‘:h 

HO.H 


liO.H 

HO.H 


iV.OH 

H.OH 

• 

HO.H 

H.OH 


OHO 

OHO 


(d-GlucOBc) (rf-Mannose) 
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The third possible ketonic form is d-fruhose , which results 
from elimination of water (in a different mfener) from either 
of the new hvd rated forms : 


CH 2 (OH) 
HO.H 
HO.H 
H.OH ' 
CH(OH) 


V 


CH(OH) 2 

Either hydrated form 


CHo(OH) 
HO.H 
^ HO.H 
H.OH 
C(OH) 

II 

CH(OH) 
Enolic form 


/ 

*CH a (OH) 
*HO.H 
HO.H , 
H.OH 
CO 

I 

CH 2 (0H) 
(d-Fructose) 


These euol-keto transformations, then, do not throw any 
further light on’the three forms of d-qlucose itself, but explain, 
incidentally, the production of d-mannose and d-fruetose from 
rf-glucose in presence of alkalies (p. 255), which are known to*cause 
enolizing effects. 

We must therefore turn to : 


(bp-y-Lavlone formation from d -ylucose. 


CHj(OH) 
HO.H 
HO.H ( 

H.OH ^ 
HO.H 
CHO 

(f-Glucoso 


> 




CH.;(OH) 

HO.H 

,HO.H 

H.OH + 
HO.H : 

* CH(OH>j 

t r , 

IJydrated form 


CH^OH) 

HO.H 

0 HO.H 

OH (OH) 


7 


-Lactone form 


Now it will be seen that the lactonic form contains a new 


asymmetric cai'oon atom (that formerly in the aldehydic group). 
Consequently two optical isomorides of this form can exist:— 


CH..(OH) 

HO.H 

H 

o' H.OH 
\HO.H * 
(HO)\ 0(H) 




r 



I 

CH,(OH) 
JlO.li 
.It ’ 
H.OH 
HO.H 


,(H)C(OH) 


These, together with the simple aldehyde formula of d-glucose, 
furnish in all three possible forms of that sfTbstanee, 

It is not, howevef, cog^dered v f cry probable that these cor- 
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™e carbohydrates 

J) # • 

respond respective!/ to the known /3-, and y-d-glucoses, but, 
in the opinions, EmiJ Fisclier and Lobry de Bruyn, that a-d- 
glucose and ^~d^glucos% correspond to either of the lactonic forms 
above, whilst y d-glucose is an equilibrium* mixture of the a- 
and /3-varieties. * 


l-Glucose has not yet been found in nature, but has been prepared by 
reduction of /-gluconic lactone (from /-arabinoso by Kiliani’s reaction). 
It melts at 143°, and, when dissolved in water, gives a specific rotatory 
power [a] n *= -"95*5°, which rapidly decreases to [a] h =- -51°. Its osazom* 
melts at 208°. 

(ti^+l-'jGlucose results when equal quantities of d- and /-glucose aro 
crystallized from water, or when racemic gluconic acid lactone is reduced. 
It is a syrup which furnis! „s (d- -(-/-) glucomzonc, melting at 218°. 

# •. • 

As is well known, glucose is»estimuted in general by its reduc¬ 
ing aeti<.m on Fehling’s solution,./lie solution being made of such 
a strength (34'65 gms. CuS0 1 : 200 gms. Rochelle salt: 600 c.c. 
NaOHaq. (20 per cent.) made up to one litre) that 200 c.c. are 
equivalent to 1 gm. of glucose yf other hexose. •• 

If no other optically active material is present, glucose may 
ateo be estimated polarimetrically. 


d-Glmosamine, C ll H n O rj (NH. J ), is a 5 ^stance closely allied to 
glucose, occurring in the shells of many crustacca (lobsters and 
crabs), and also in mucus and oth^jflbuminous matter. 

It exists in the shell as a cellulose chilin, and treatment of the 
latter with dilute adds gives the salts of glucosamine. 

I he free base melts at 105A10° with decomposition; it contains an 
aliphatic amino-group, which is readily replaced in the usual manner by 
hydroxyl on treatment with nijfous acid : 

. C„H,, 0,(NI^ + HNO.. = H,0 h N a t 

The product is a hexose known as chitose. 

d-Glucosamine and phenyl hydrazine react to form d-rjlucosazone, 
the amino-group disappearing. Thk indicates that the amino- 
group has replace^ an hydroxyl radicle attached to the atom 
hext to the aldehydf group. 

This view is supported by E. higher %nd Leuclis" synthesis 
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• I ( 

of d-glucosamine fsom d-arabinose by addition of ammonium 
cyanide and subsequent hydrolysis of the nitrite;group (compare 
the synthesis of mscrin from glycolose , p. 246 f. 


CH,(OH) 

HO.H 

HO.H 

H.OH 

CHO 


£H,>(t)H) OH.,(OH) ' V CH^(OH) 

HO\ ' HO.H HO.H r 

HO.H HO.H Hd.H 

H.OH H.OH H.OH 

GTH(NH>) C , H(NH. J ) GH(NH,) 

CN COOH CHO 


d-Arabinose 


(i-Olucosaminio acid ^-Glucosamine 


The configuration of the new asymmetric atom is not known ; 
if it were dextro ^-glucose should result't / treatment of d-gluco- 
»samine with nitrous acid,Und if Icevo-, d-mannoso. Since neither 
is formed, but a new hpxose chitAse, Fischer has suggested e that 
d-glucosamine and cliitose respectively are possibly f 


cli (on) 

.H 

HO.H and 1 

HN H.OH 

-■—-OH 


CH..(OH) 
.H ' 
HO.H 

O H.OH 
— CH 


CHO .. 

/ 


CHO. 


the formulae C ( .TI| 3 0 5 N (d-glucosamine) and C,.TT 1; >O c (chitose) 
representing added molecules* *&f water of crystallization. 

d-Mannose occurs in many plants, but is by no means so widely 
distributed as grape sugar. It occasionally accompanies the 
latter in small quantities, whilst in thfc combined state it is foxnd 
in certain^ classes of the celluloses, known from this fact as 
mannoso-celluloses. . 

It is best prepared by the action ofvlilute sulphuric acid on 
the mannoso-celluloses, and has also been obtained, in small 
yield and fnixed with d-fruetose as well as other products, when 
natural d-mannitol (p. 270) is careMly oxidized. 

d-Mannose molts at 13^° ; wi|h c pheilylhydrazine,, it gives 
d-glucosazone (m.p. 210°). Reduction of d-mannose gives d- 
mannitol, and oxidation, the monobasic d-mdhnonic acid (p. 277), 
and dibasic d-mannosdlcharic acid (p. 281). 
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l-Mannose resemblcj d-man nose in all respects sai^e tho sign of its optical 
activity, but has onl/oeen prepared by reduction of synthetic Z-mannonie 
lactone. ‘' I 

{d- -\-l-)Manno.%y formed by mixing the two components, by reduction 
of synthetic racemic mjjnnonic acid, or by oxidation,of racemic mannitol, 
molts at 132°, and fol^ns (d- +l-)glucosazo*>e (m.p. J?18°). • 

• . * r 

d-Galaclose is believed to occur free in nature iir some kinds of 
honey, whilst combined with other bodies it is found— 


(i) In a fow glucosides, such ab digitalin and viein. 
fii) In the disaccharide lactose (with d-glneose). 

(iii) Jn certain gums and celluloses (called therefrom gulactanes). 

• 

It may be conveniently prepared from ketoses or the galactanes 
by digestion with dilute sulphuric aoifl • and, synthetically, by* 
reduction cf d-galactonic lactone.. • 

rf-Galactose melts at 160°, and*its osazone at 193°. Reduction 
converts it to i-dulcit'd (p. 271), and oxidation to d-galactomc 

(p. 277) imd i: mucic acids (p. 284)). M 

• 

l-Galactose was synthesized by the reduction of /-galaetonic lactone. It 
melts at 163°, and its osazone at 195° (with decomposition). 

{d- -\l-)Galacto$c, also, is only known as a synthetic product; it melts 
at 144°, whilst its osazone is a yellow powdm'jyhieh melts ant) decomposes 
at 206°. • 


The remainder*of (he aldohexftSes have only been prepared 
from thdlr corresponding monobasic acid lactones. It will 
therefore suffice to tabulate them, with reference to their con¬ 
figurations and tlie adds from which they havelocen produced. 

on pp. 2H;5-j > Sr>. From. M.p. Osazone m.p. 
((Jlucose d- and 1-) 3 (d- & / ) (Secabove, p. 254) 140° 210° 

Oulosc (rf-and/-) 4 ( d-4?l-) d- or Miiilonic Syrup 150° 

acid 

Talose (d) n (d) d/1'alnnie acid Syrup [^wo^d-Galacl- 

'• osazone) 

(Mannose d- and 1-) 6 (d- & l-f (See abov^) 134° (give Glucozaz- 

• ones) 

(Galactose d- and 1-) 7 ^d- & 1-) (See above) 160° 193° 

Idoso (d- and 1-) 8 (d- & /-) df-orMdonic Syrup (give Gulosazones) 

acid * * 
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B. Ketohexoses. 

d-Fructose (fruit-sugar, Immlose), the mosFH*\miliar iriember 
of this group, visually accompanies d- gliftose in nature, when 
occurring uncombingd with other substances. t It is also, of course, 
Combined with d-glij^pse itself in the widel^ i»£Jtributed cane- 
sugar (p. 308). Morcove/j d-fructose is a constituent *of various 
complex nitrogenous compounds which are stored in the 
roots of many tuberous plants (notably in the SolanaceaS , 
iComposilce, TAliaccce , and fridacem —potatoes, dahlias, chicory, 
hyacinths, narcissi, etc.), and are present therein in exceptional 
abundance during the winter months. These bodies 4 * 3 are 
termed inulins , and d-fruclose results them by treatment 
with dilute acids.* This s^igar also occurs in the urine of various 
carnivora. 

d-Fructose may be produced by a bio-chcniical process irf the 
fermentation of d-mannitol with Bacterium n/linum, and chemi¬ 
cally by hydrolysis (“ inversion ”) of cane-sugar as well as of 
inulin„,and bv reduction of d-yltwosone. the ketfi-alcVdiydo of 
which d-glmosazonc is the diphenylhydrazone. 

d-Fruclose is a crystalline solid, not (piite so soluble in water 
or alcohol as d-glncose, and melting at about 100°. Like d- 
glucose, it forms a monj/Tydrate, and also exhibits muta ratal ion, 
its specific rotation falling from [«f„ - - 10fi° to [«J f — -93° after 
some little time. * fi 

With phenylhydrazine it yields d-glucosazone, and tjiis proves 
its configurational relationship to the ahfohexoses, especially 
d-glucose and d-njannose. For this raison, too, the (mm- rotatory 
fructose is termed d-fructose , in accordance with the convention 
maintained throughout. « 

Reduction of d-fructose gives d-iramnitol, whilst oxidation 
produces a variety of acids, none of which «contain more 
than four* carbon atoms. Amongst t hese are formic, oxalic, 
pyruvic, glycollic, tartaric, d-crytlmmiu (pp. 273,274), and trioxy- 
butyric acids. e * t 

Two reactions of d-fructose may serve again to emphasize 
the chemical distinctions between the aldohexoses and keto- 
hoxoses:— 
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(i) Heated with dxfiyclrating agents, sit6h as # oxalic or siflplniric acids, 
a certain quantity c'l^a-methyl-^-oxyfurfuraldehyde is formed, 


C»:l„0, (Trucw«rt 

/• 


CH=CXH 

3H *° + I 

HO.C=CrCHO 


/ 


(ii) Proldhged boiling of fructose with dilu^ mineral acids yields Lvvulinio 
acid in quantity : • 


C«H,yO B (fructose)-> CH.,.CO. CH 3 .OH*COOH + CH.O 4 H~0. 


, d-Fructose is fermentable by yeast; it forms alcoholates with 
the alkaline-earth and a few of the heavy metals. 


1-Fructose (which is not fermentable by yeast) end racemic or (d- +1-) 
Fructose have only been prepared synthetically, and will bo mentioned 
again in the next chapter (p. 286).* 

*. S 

d-Sorbinose occurs in the barrios of the mountain-ash or rowan 
tree, and has also been prepared artificially by the bacterial 
oxidation (Bacterium, xylinum) »of rZ-sorbitol (p. 270), and from 
d-gulosone (corresponding to tf-gulosazone, p. 261). 


It forms rhombic crystals which melt at 157°, and has [a]„ — circa — 40°. 
Reduction loads to d-sorbitol, and oxidation to oxalic, pyruvic, tartaric, 
and trioxybutyric, amongst other, acids. \ 

It is not fermentable by yeast. 

l-Sorbinose and racemic ( d - -\-l-)SorbuiSsc have been obtained artificially 
from their osazoncs, (l- and (d- +/-)gufosu zones). 

Fmnose is a synthetic ketohexose obtained by condensation 
oi formaldehyde ; it will be dealt with in chapter xv. (p. 286). 

C . Metkylhexoses. i * 

a- and (3- Rhamnciiexoses, CH 3 [0H(0 H)] v C1J 0, have been 
prepared by Kiliani’s reaction from the methylpentose rhamnose ,• * 

which we found on p. 252 most probably to possess the configuration 

* 

£H,.tfH(OH) 

i.0H * 

H.OH 

HO.H 

CHO 
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When rhhmnose is treated with prussic acfa and the product 
hydrolysed, two acids arc formed which by recited crystalliza¬ 
tion of their brucine salts can be separated, and correspond to 
the two formula): ^ 


CH.;.CH(()]K 

H.OH 

H.OH 

HO.H 

HO.H 

COOH 



and 


1 

CH.,.Cti(01 

H.OH 

H.OH 

]10.H 

H.OH 

COOH 


The lactone of one acid (designated a-) possesses [«]„=, + 86°, 
that of the other (&-) acid has [«]„=- + 43%* 
t The a-lactone is reducible to a-Rhamnohexose, which melts at 
180°, and has [a],- 6V\ its osazmc melting at 200°. # 

The /3-lactonc similarly furni>Vs 3-Rhamnohexosc , only*isolated 
in the form of its osazonc, which decomposes at about 200°. 

D. FOMENTATION OF THE HT3KOSES. ' « 

§ 

The Jiexoses are susceptible to tlie action of numerous ferments, 
organized and unorganized (enzymes); the various fermentations 
are generally classified according to the products produced :— 

(i) AlcoJtohc Fermentation. —This is propagated most effectively by yeast 
(containing the ferment zymase), and also by the fungi known as Mycoderma, 
Schizomyeetes, and Saccharomyces The action proceeds most rapidly 
between 30° and 35° C., higher temperatures destroying the ferment. Whilst 
the presence of nitrogenous bodies is necessary to Inc life of the ferment, 
other substances (such as various inorganic«salts) act inhibitingly, owing 
to their toxic effect on the organisms. 

The main reaction in this fermentation Is the production of alcohol and 
carbonic acid, V 

C (i Hj,0„ —> 2C\H ,(OH)H VjO.,, 

but many other products are also formed (although in much smaller 
amount). Such aro formic acid/acetic a^id, aldehyde, glycerol, and most 
of the alcohols from propyl to hexyl, together with furfuraldeliydc and 
traces of the higher aliphatic estere: and aci^s. • 

All hexoses are not fermentable by yeast ? indeed, the only 
members of this series sudeent jble to zymase appear to be d-glucose, 
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d-fmctose , d-manncye, ^nd d-galactose* Tlfis.and otfier striking 
cases of selective fermentation by various ferments (compare the 
synthetic glucosides, chap, xvi., p. 301) have led JSmil Fischer to 
the suggestion that a ferment and a sugar correspond roughly to a 
key and a lock, th$r*key only responding to f-lrtain types of lock.** 

• • ' 

(ii) Lactic Acid Fermentation. —Certain bacteria presort in sour milk, 
stale cheese, the mucus of the teeth, etc., exert a very different action on 
the hoxoses to that of zymase and its co-workcrs. The chief outcome of 
the lactic acid ferment is the formation of two molecules of lactic acid from t 
each hexosc molecule :— 

* CoH.-A — *>2CH,.GH(OH).COOH. 

• • ■ 

According to the specific Mature of the ferment acting, dexfro-, loevo or 
racemic lactic acid may be formed. • 

Propionic, valerianic, and other .jcids aro simultaneously formed, but in 
muck less quantity. L • 

(iii) Butyric Acid Fermentation. —Ytlmn the lactic acid fermentation has 
proceeded for a long time, other kinds of bacteria, are propagated, which 
produce butyric acid as the main product of fermentation of glucose :— 

* C (l H,,0 (I -->C,H*d()OH +2CO, 

(iv) Mucous Fermentation. —Finally, there remain another class of bacteria 
(including the Bacterimdiphlherioe, pneumonice crouposce, Streptococcus , and 
inmcscens) which convert the sugars into gummy material (apparently of 
the usual polysaccharide formula rUiHni()-,j^. also producing mannitol, 
lactic acid, carbon dioxide, and lr*drogen. 




VJ. fine Heptoses 


No heptose lias yet. beer! found in nature, but as members of 
this series, as well as the octoses and nonoses, have been prepared 
by means of the Kiliani synthesis, it is of interest to give a brief 
account of a few membi’:s of this class. 

A. Aldoheptoses. * 

Two stereoisomeric acids insult when d-glucose cyanhydrin is 
saponified, and are known Aspectiveljt as a- and /3- d-glucoheptonic 
adds. They may be separated by crystallization from suitable 
solvents, or better crystallization of their brucine salts, which 
show iireater differences in solubility^ • 
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The lactones of these acids are reducible tl the corresponding 
aldoheptoses, ct-d-glucoheptose and 0-d-glucohepo^. 

a-d-Glucoheptyse melts at 180-190°, tind is Imo-Tot&tory 
([“Id— -20°); its osazone melts at 193-195°. 9 

** fi-d-Glucoheplose IN^j not hpen obtained crystalline; as might 
be expected in view of its configurational relationship \tith 
a-d-glueoheptose, its osazone is identical with that from the latter 
sugar. 

« Tho corresponding lactone from d-mannosc, that of d-manno-heptonic acid, 
furnishes d-mannoheptosc by reduction with sodium amalgam. TJiis sugar 
forms crystalline needles, melting „at 134°. and with [a] n = + 85° (tfu n7?Ft, 
afterwards decreasing to + 60 ). The osazone melts at 200°. * 

The l-mannoheploq". has also been prepared^ om l-mannoheptonic lactone 
« in tho form of a dextro- rotatcry syrup, and giving an osazone which melts 
at 203°. ‘ r 

Tho above sugars are reduced by sodium to the corresponding l^eptahydric 
alcohols, a- and fj-rjlticaheplUol*. and and 1-mannohepHtols. Oxidation 
leads to the monobasic a- and fl-rjlvcoheptonic acid* and the d - and 
l-mannohcptonic acids, and later to the dibasic pentoo&jpimelic acids, 
COOH.t<7H(OH)lvCOOH. *, f 

B. Ketoheptoses. —These are not yet definitely known, but 
would be somewhat exceptional, owing to the presence of a 
branched Parboil chainin' the (synthetic) sugar molecule. For 
example, fructoheptose {from fructose) would possess the formula 

ff ... OHO 


(TLX OH). CTf(OH). CH( OH ). CH ( OH ). C( i )H ) 

e • \ » 

CH.,(OH) 

« 

V. Methyliieptoses.--- ft ham unite pi nse has been prepared from 
rhamnohexose in the usual manner; fh is a syt;up With weak 
dextro -rotatory power, and forms an osazone which molts at 200. 


* 

VII. Alcohols delated*to th$ lV, Tri-, and Tktr-oses 

It is unnecessary to go further than to •mention that glycol , 
CH 2 (OH).CH 2 (OH), arid alyyrol, CH 2 (OH).CH(OH).CH 2 (OH), are 
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the alcohols which |;orB£spond respectively *to,the Diose glycolose 
and to the Treses glycerose and dioxyacetone. The properties 
and reactions of g]ycol*and glycerol are familiar, a®d are described 
in elementary text-books of organic chemistry (cf. this series, 
part i., pp. 63, ^ f 

The alcohols related to the Tetroses(^. 248) are three in number, 
and are known as erythritols, CIL,(OfI).OH(OH).CH(OH).CH 2 (OH). 
' As shown on page 232, the three forms of erythritol are the dextro -, 
Icbvo-, and internally compensated or meso- varieties : — 


■B t)H 2 (OH) 
HQ.H 
H.OH 
GH. 2 (OH) 
(Id) 


ca,(uH) 
H.OIL 
H1£H 
CH,(OH) 
(H) . 


CH.j(()H) 

HO.H 

HO.H 

(2/ or mesn-) 


Of these, the optically active vayv^ies have only been obtained by 


alkaline reduction of l-ihreose (whioh gives l-erythritol, m.p. 88° and [a] t , =» 
+ 4°) and of rf-erythrulose (a ketose which yields d-eryihritol, m.p 88° and 
[a],= -4> * , 


The inactive wcso-Iorm (produced by reduction of d- or J- 
ei'ylhrosf) occurs, however, in nature in many mosses and lichens 
as the ester of orsellinic acid, C«H s O,.. 

It melts at 126°, and gives a tclracelVHc, m.p. 85°. Like most 
of the polyhydric alcohols, its tetranii/atp, “ nitroerythritol” (which 
is a solid, m.p. 61°), explodes wlic.lf struck or suddenly heated. 


Both internally aud*cxternally compensated erythritols have been synthe¬ 
sized by Griner (1893) from tl 1 ^ hydrocarbon divinyl ^1), CH/.CH.CH-.CH 2 . 
This yields two sterooisomeric dibromides (IT) with bromine, which 
reacts additively with the conjugated diethenoid system .in the usual 
manner and conformably with Thiele’s theory. By oxidation with ice- 
cold permanganate solution, hydroxyl groups are added on to each un¬ 
saturated carbon atom, and the compounds (III) result. By treatment * 
with aqueous alkali, one of these, which melts at 135°, givfs i-erythrilol, 
and the othor, melting at 86°, gjyes racennc ( d - 4 1-) erythritol, as would be 
expected from the fact tlml JITa is known to he the m- ” aud Illb the 
“ trans - ” isomeridc. 
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Xi 


ca-.cHj 

Lh.cb., 


CHoljr 




/ 


11—C--CH./Br 
£ I! 

* H—0—('ll. Hr 


lift 


H—C—OH 

I # 

H—C—OH 

I • y 

Ilia (m.p. 135°) 


H--C—CH-jllv 
^ i! ~- > I 

CH.,Hr—C—H HO—0 


CH 2 Bi* 

I 

H—C—OH 
H 


IV’ 


I 

CH. Hr 

lllb (m.^. 80°) 


CHo(OH) 

I “ 

% H—C—OH 
• H—<3—OH 

I 

CHo(OH) 
l^a (mcso-1 

CHo(OH) 

I 

H—C—OH 
I 

HO—C—H 

I c • 
OH,.(OH) 

IVb ( d - + 1-) 


The synthetic i-eryihritol melts sit lg6°, and is in nil respects identical 
with the naturally occurring alcolif, 1 .; the racemic compound melfs at'<1°. 



The stcreoisomcric normal pentaliydric alcohols of the formula 
CH ;S (OH).[CH(OU)] 3 .CH ; ,(OH) are four in number (compare p. 
232), and comprise two mc$o-, one dexLro-, and one, Uevo - variety. 
They each contain onV? two asymmetric carbon atoms, the 
central carbon atom in the piolecufe being united to two chemi¬ 
cally identical .groups: - • • • 

OH..(OH).f;H(OH)-OH(OH)-C , H(()H).C» s (OH). 


Although this osntral group is non ■'asymmetric, if one of the 
two asymmetric atoms is of opposite configuration to the other, 
it is possible for the hydrogen and* hydroxyl attached to the 
central atom to occupy either of two portions relative, to those 


of the remaining groups, thus : — 

0 


ni..(OM) 

Oil {(OH) 

no. h 

UO.ll 

H.OH fold 

H0.I1 

H('.H 

HO.H 

CHjj(OH) 

dfe.(OH) 

It(p. 232). 

3»(p. 233). 
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Accordingly there art two meso- forms possible, and two are 

also known: t-^donitol, found in the alkaline reduction of the 
riboses, and corresponding to formula It, and i-xylitol, similarly 
produced from eithyf of the xyloses, and possessing the struc¬ 
ture 3 i. * « ' " 

lie remaining varieties of these alcohols are theoretically 
capable of existence in optically active forms :— * 


CJI^OH) CH./OH) 

HO.H and H.OH 

flO.H ll.OH 

H.OH HO.H 

CHj,(OH) • UH.(OH) 

2d (p. 232) ■* 2ZQ>. 232) 


These are known as (the d- and l- for#n£ of) ardbitol, from their » 
connexion with the best-known* pentose, arabinose. 

The coUnmon reduction product* 4i d-arabinose and of l-lyxose is 
d-arabitol (formula 2d), whilst l-anibitol (formula 21) is produced 
from l-arabinose or d-lyxosc. 

All these alcohols are exclusively artificial in origin, Except 
i-adonitol, which is found in the plant pheasant's eye (Adonis 
vdrnalis). 

Finally, reduction of the naturally, occurring (gluposide con¬ 
stituent) d-rhamnose yields a incthylpenti k>l, d-rhamnitol, which is 
probably a methyl homologue of d-arabitol. 

These alcohols urc quite similar behaviour to the erythritols 
or hexitols. and are characterized as usual by the explosive nature 
of their pentanitrates. A few of their physical constants are 
giv5n in the ensuing table/ * 


Ref. on 

; vp. 232, 

233. M.it 

[«J 

31. p. of dibenzal compound * 

i-Adonitol 

- 1* 

102° 

— 

165° 

d-Arabitol . 

2d 

103° 

+7° 

— 

Z-Arabitol 

* 21 

102° 

-5° 

152° (monobcnzal-compound) 

t-Xylitol 

3 i 

Syrup 

— 

175° * 

d-Rbamnitol 

O 

121° „ 

11° 

‘ 203° 


. 4 ... .. 

* The poly h yd ric alcohols of the geqpralfor m&la CH.j( 0 H ). [CI1( OH )]n. CH2O II 
condense readily with benzaldchvde to characteristic well-crystallized deriva¬ 
tives of the structure s'* 

C 0 H 5 . CH:C( OH). [ G'H( OH )jatf( OH)BC IT. (* JI a. 
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IX. Alcohols related to the Hexoses 


As already sfiown in chapter xiii. (pp. 233-235), there are ten 
possible stereoisomC^ic modifications of the •bexahydric alcohols: 

CH a (OH).CH(OH).4DTf(OH).(7H(OH).t?H(OH).CH 2 (qH). # 


We shall only mention in detail three of these, namely, those, 
produced in the reduction of glucose, fructose, mannose, and 
• galactose. 

Alkaline reduction of d-glucose produces for the greater 
d-sorbitol, which must therefore have the configuration. given 
below:— . % 


CH 2 (OH) 

HO. II 
HO.H 

H.OH -V 

HO.H 

CHO 

d-tAucosc 


* CHj(OII) 

HO.fl « 

noil 

H.OH e < - 

HO.H 

enroll) 

d-Sorbifol 


OHO 
HO.H 
HO.H * 
H.OH 
HO.H 
CH.,(OH) 
d-Gvlose 


Since it will be recalled that d-gulose (p. 239) differs from d-glucose 
merely in the relative positions of its alcoholic (01J«(()H)-) and aldehydic 
(-OHO) groups, it is natural that reduction of this sugar should also yield 

d-sorbitol. * 

• • 

d-Sorbitol occurs in mountain-ash berries, and also produced 
when d-fructose is reduced. In the latter case, however, reduc¬ 
tion is accompanied by the formation of a new asymmetric carbon 
atom from the k«tonic radicle :— * *• 


« R-CO-R-> R-/7H(OH)-lt. 

Consequently a second optically activ^ alcohol is produced in 
equal amount at the same time : d-manmtol. 

1-SorbitSl has been produced by reduction of l-glucose or l-guhse. 

« 

d-Mannitol, already mentioned os met with in the reduction of d-fructose, 
is similarly formed from d-mannose, an<^ also occurs somewhat‘plentifully 
in the vegetable kingdom, especially in the mann^-ash {Fraxinus ornus). 
Its formation from d-mannose and d-fructose (together with that of d- 
sorbitol from the ketose) i#ifiustgfited by the following diagram :— 
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crqoH) 
HO. If 
HO.H 
H.OH 
11. OH 
CHO 

d-lVftimoso » 


CT^,(OH) 
HO.H 
* HO.H 
> H.(?H 

J^OH 
« CHo(OH) 

d-Mannitol 


CH.( Otf) # 
HO.H 
HO.H 
H.OH 
CO g 
m CH u (OHf 
d-Fru<*tosc 


Cft>(OH) 
HO.H 
HO.H 
• H.OH 
HO.H 
CH a (OH) 
d- Sorbitol 


l-Mannitol is produced when l-mannose is reduced. • 

Racemic {d-1-) Mannitol is important because of its connexion with the 
synthetic production of the sugars from formaldehyde, aud it will accord- 
ingly receive further notice in the next chapter (pp. 286). * 


•«S^ially, reduction of d- or of l-galactose produces the meso- 
alcohol dulcitol, which also occurs in certain plants (notably 
Madagascar manna). Its configuration must therefore be as 
follows:— • . * 


f'H 3 (OH) 
HO.H • 
H.OH 
H.OH 
HO.H # 
CHO 

d-Galactosc 


OH.,(OH) • 
HO.H 
H.OH 
H.OH 

HO.H * 

CH a (OU) . 
i- Dulcitol 


I CHO. / 
,,’jfO.H 
H.OH 
H.OH 
HO.H \ 


(t.e., 


CHo(OH) 
l- Galactose 


CH.,(OH) 


H.OH 

HO.H 

HO.H) 

H.OH 

tlfio 


\ 


> 


The sorbitols, mannitols, and dulcitols are sweet, well-crystal¬ 
lized compounds, quite soluble in water and alcohol, yielding the 
usual (hexa-)acetyl and -benzoyl derivatives, dibcnzal compounds, 
and explosive hexanitrates ; their chief constants are given in the 
table below :— 0 *' 


lief. on pp. 
233-235. 
d-Sorbitol 3d 

/-Sorbitol 3/ 

d- Mannitol 6d 
• 

2-Mannitol. 6/ 

(d- |-M Man¬ 
nitol — 

i- Dulcitol. 7 i 


M.p. 

La]-. 

M.p. of 

M.p. ofdihinzt 

hexncetaie. 

compound 

110° 

wfakly d- 

Syrup 

162° 

110° 

1- 

Syrup 

162° 

J65° 

> 22 ° ( 

with borax) 119 u 
(present) 

o 213° 

165° 

r 

- 22 " 

119° 

213° 

168° 

— 

7 

» 192° 

188° 

— 

171° 

215° 


X. MoNpBASio and Dibasic ArTi>5 related to the Dioses, 

Trioses^and Tetroses 

A. Diose. —The Ih-st oxidation product of glycolose, glycollic 
add, CH 3 (OH).COOII, is well knowpas tfie lowest member of the 
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aliphatic oxyacids.. It occurs in ivy-leases and in unripe grape 
juice, and is found in the oxidation of not only glycolose, but also 
of ethylene glypol and alcohol with nitric 1 acid. 

It may be synthesized from acetic acid b^ boiling monochlor- 
«kcctic acid with dilute alkali (ftekule, 1858), or merely by heating 
silver monochloracotate With water:— • r 


CH.aCOOAg--- H.,0 -t!Ho(OH).C()OH + AgCl. 


* It was discovered by Strecker in 1848, in the action of nitrous 
acid on glycocoll. c . Bl 

The corresponding dibasic flcid, oxalic acid , is too well known 
to require further remark. * 

B. Trioses. —Ghjcerose yields glyceric acid, CH 2 (OH).(7H(OII). 
COOH, as its lirst product of'^ddation ; this acid is al»i> formed 
when glycerol is carefully oxidized with mercuric oxide or silver 
oxide, or when silver oxide acts ori /3-chlorlactic acid, CII 2 C1.(7II 
(Oil).C.OOII. If alcoholic potas£i is substituted for silver oxide 
in the last case, an ether acid corresponding to epichlorhydrin 
and glveide (chap. ii. p. ill) is produced 


fti 


Si even Oxidu 


CH a .Cl 

CH. 

CH «i OH) 

1 

KOHj i/ 3 

H,0 | 

CH <OH» 

7 


CH. (Of.) 

7 

1 

COOH 

COOH 

i 

COJH 


^-(.hloilai tic arid C»lyi idic aud l.lyccrn. a* id 

« 1 

Glyceric acid is a syrupy liquid, which can be obtained in its 
optically active forms by the action of different ferments 
(Penicillium glaucum , for example, destroys the d-form and leaves 
the Z-acid). The esters of the active acicis have leceived much 
attention from the point of view of quantitative relations in 
optical activity. * * 

Dioxyacetonc furnishes tmsoxalic^cM, COOH.CO.COQH, when 
carefully oxidized. The acid is also formed from alloxan (p. 195) 
and boiling baryta wateT, frbrri dibrommalbnie acid and silver 
oxide, or from glyceroPty c^dation with nitric acid in presence 
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i 

of bismuth oxynitrate (•vhieh forms insoluble bismuth mesoxalate 
and so removes^the acid from possible further oxidation). 

* Mesoxalic acid is a deliquescent solid, and crystallizes with a 
molecule of water, which is very intimately combined, and is 
probably attached to the carbonyl gsnup - COOH.C(OH) 2 .COOH.* 
Reduction of mesoxalic acid with scfdium amalgam produces 
tartronic acid, COOH.C H(011) .COO IT, the dibasift acid corrc- 
teporfding to glycerose. 

The relations between these various compounds arc shown 
collectively in the next diagram : - 




# KM..O, 
dil.HNt)., 


c;Ho(ohi 

t 1 

/ aH(01J) 


I 

! 

rn..(oHf / 

! 

CH(OH) — 

OH.(OH) 

CUycero! 


/ c 


HO 
(fli/ceroxe 


» (Jl^(Ofi)^ 

(' ; /(OH) 

l 

’ c'oOH 

< Sly eerie acid 


Y 

00 OH 

I 

OH(OH) 

i 

I 

OOOll 

Tartronic acid 
A 


(oxidation) 


0H..(OH) 

I 

(i() 


CH..(OU) - 
I 

CO 

0(1 OH 


v 


•• 

(reduction) 


(jooir 

i 

co 


CH,(Oll) N on OH ^ COOH 
Diojt met lone (Oxv|ivrnvic acid) Mesoxalic acid 
'* HNO tBiO(NOi) ,f 


& # 

C. Tetroses. The first oxidation products of the mjtkroses 
and threoses are the trioxybutyric acids of the general formula 


CJf..(OH).CH(OH).Cli(OH).COOil. 

it 

These are syrups, which readily pass into crystalline y lactones 
of the structure » 
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Their configurations correspond to those of their parent tetroses 

and arc 

thus as follows 

» 

• 

r 



CH*(OH) 

OHj(OH) 

CH a (OH) 

CHo(OH) 


HO.H . 

H.OH 

HO.H 

H.OH 


H.OH 

flO.TT 

HO.I1 1 

H.OH 

t. 


COOII 

coon 

COOK 

COOH 


' Id 

1Z 

2d 

21 

Acid :— 

Z-Threonic 

d-Thrconio 

d-Eryfhtonie 

l- Erythrorfic 

Lactone :• 

- M.p.: 


103° 

104° 


w. 


- 73 

! 72° 


The dibasic acids corresponding to these are the three forms 
(d-, 1 -, and i- or nieso-) of tartaric acid , which again are too common 
to need a detailed description here. l-Threose, which reduces to 
J-erythritol, also gives l-tarf trie ~'acid by oxidation, whilst d- or 
l-erijtkrosc gives i-tartaric ttP'l on oxidation, and i-erfythritol on 
reduction. ' 

The stereochemical connection between the erythritols and the 
tartaric acids is thus made clear: 1 1 


We may refer again here to Fen ton’s work on the oxidation and other 
products' of tartaric acid. 

Tartaric arid (L), when oxidized by hydrogen dioxide in sunlight in 
presence of a feme salt, i» converted to dioxymaleic acid (If), which hy 
further oxidation yields dioxy lartaric acid (111), the sodium salt of which 
is so insoluble that if linds use iii'Uic quantitative csCmation of that metal. 

Reduction of dioxy maleic and produces racemic tartaric acid and succinic 
acid; whilst on heating to (50 1 0. in aqueous solution (p. 240), qlycolnse 
(IV) is formed almost- quantitatively :— 


,-v>V n'lhfum.rMo 1-200., 

(IV) 


\ 11 .<> 

' oxidation 




C'H(OH).OOOH Vc'll(01IM'(M)l|/ <(OH).OOOH C(OH),,.COOH 


(1) 


reduet .on ! 


(U) 


(HI) 


CH(OH).COOH CH&COOH 
i reduction 


C’H(0H).C0o’6 CH»C00H 
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♦ . 

XI. Monobasic Acids related to the Pentoses and 

Hexoses 

The first oxidatjo'd products of^the aldc^entoses and aldo-« 
hex#scs are respectively the optically* active modifications of 
tetraoxy-n-valeric and of pentaoxy-w-licxoic acids 

CH 2 (OH).(:K(OHj.r;il(()H).rH(Oll).C()OJi anti 


* ■■ 

Intrinsically these are of the slightest interest, except for the 
fact that they are the vorj important inter medjate phases in the 
transition from tetroses to pentoses, and Jijbm pentoses to hexoses. ■ 
Non<^ of them occur in nature, aiM they have been obtained 
exclusively from the monosaccharjlcs or from other saccharide 
acids. ■* 

The whole of the stages of oxidation of a typical sugar alcohol 
arc tabuhfted below / •• 


/ CHO 

^ ( |<7H(OH)J 
1 ' CHO 
' (Dinldcbydc) 

CH.,(OIl) CH (Oil) , • 

|f’HpjK)],, |CH(oH)|,i 
CHo(OIl) —CIVl 
Alcohol Mouos.uHmridt 

i rmoii) 
(C'H(OU)I, 

coon 


J ( HO 
H’H(OH), * 

4 (’OOll 
Aldehyde aci 


Monobasic acid 


COOH 
rc’H(OH)J„ 
COOH 
Dibasic acid 


• Instances of'all tliese products aie familiar with the exception 
of the dialdehydes shown in brackets. These have never been 
prepared, and, indeed, it is probable that they are to<f unstable 
to exist as such, in view of ■‘the possibilities of intramolecular 
rearranginent, and of the Tenown readiness with which groupings 
of the type - CH(OH).CIIO siffrer intramolecular change. Hence 
it is most likely thatf if the polyliydric dialdehydes result in any 
reaction, they at once "pass into ladtones of the isomeric 
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monobasic acids. » Even these, as a matter of fact, are extremely 
unstable in the free state, and pass into the corresponding 
y-lactones. * $ * 

CH..(OLf, CHo(GlI) 

fTH(OH) * (7H • 

6'H(OH) * -^ fTH(OH) -_ 

UH(OIl) fTH(OH) 

COOH 

To) raoxy-M-vnloric acitl r l'i ioxv-w-vftlcrolaotono 

The preparation of these acids from aldopenloses and aldohexoscs has 
been achieved on the following lines :— ^_ . 

(i) Oxidation of the respective monosaccharides with bromine water. 

(ii) Reduction outlie lactones of the corresponding dibasic acids. 

(in) Tty Kiliani’s ronclPoi^from (respectively) an aldotetro.se or an aklo- 
pentose (llie oyanbydrins of thev; latter sugars being hydrolysed by hydro¬ 
chloric acid, when the ladVoncs <*i the monobasic acids are produced)' 

> i 

Since the general symmetry* of flic molecule lias not been 
altered, each aldose is represented by a corresponding poly- 
oxymbnocarboxvlic acid, and tny latter can therefore hxist in the 
same number of stereoisomeric varieties as the parent sugars. 

As already indicated, the free acids are unstable and pass into 
y-laclonetf, which are optically active, crystalline compounds. 

The lactones are. reducible lo the same aldoses from which the 

S ( 

acids are formed by oxidation... The reduction is effected in 
weakly acid solution by sodium amalgam (.Fischer) ; if more 
violent reagents (phosphorus and hydnodie acid) arc. employed, 
all the free hydroxyl radicles disappear and y-n-valerolactone or 
y-n-caprola clone (as the case may be; is produced. 

An important stereochemical change takes place on heating 
the acids with strong aromatic bases (pyridine of quinoline) at 
130°-140°. Jn this reaction the configuration of the.asymmetric 
carbon pTom next to the carboxyl group is affected, and an 
equilibrium mixture of tno stereoisomerie acids results. 'Thus, if 
d-gluconic acid, corresponding to d-glvcose, or d-mannonw acid, cor- 
respo' ding to d-wannnse? is treated with quinoline at 140°, the 
same equilibrium-mixture of both acids isJEormed :— 
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CH.,(OH) 
HO.H 
HO.H 
H.OH 
HO. FI 
COOH 

d-^Jlucomc acid 


. OH.fOTI) 
HO.H 

-> JIO.H 

Quinoline at 140° H.OH 

<-.. H.OH 

V . 00OH 

(/-Mann on ic acid 


♦ Since a mixture of these acicls can be separated* by fractional 
crystallization of their salts with brucine (or other optically active 
bases), this reaction has proved of great utility, in the hands of , 
Emil Fischer, in connection with the synthesis of various sugars. 

Appended is a list of the acidsr of both pentose and hexose 
series, together with then* lactones; since the physical proper¬ 
ties of corresponding d- and /-forms are identical, it is unnecessary # 
to refer to both of the optical antipodes in each case. 

Tctraoxy-n-valeric acids (from *fhe ALDOPENTORES) 


Acids. Ref. on pp. 232,233, 

, By Kiliuni's re¬ 

Lactone. 

Reduction pro 

• 

• 

action fy m 

M.p. [b] u 

duct of lacjone. 

Ribonic 

l 

Erythro£b. 

76° ±18° 

Itiboso. 

Arabonic. 

2 

Eryihrose. 

99° ±74° 

Arabinose. 

Xylonic 

3 

Threose. 

92° ±83° 

Xylose. 

Lyxonic 

4 

Thrcose. 

114° ±82° 

hyxyse. 


Pentaoxy-n-hexoic acidsdfrom the 

ALD07/EX0SES) 

Acids. Ref. onpp. 233-235. 

By Kiliani'sa¬ 

Lactone. 

Reduction pro¬ 



nction from 

M.p. [aj„ 

duct of lactone. 

Gluconic 

3 • 

A ra binose 

135° ±68° 

Glucose. 

Gulonic. 

4 

Xylose. 

180° ±50° 

Gulosc. 

Talonic. 

5 

Lyxose. 

• 

Talosc. 

Mannonic. 

0 

Arabiijosc. 

153° ±54° 

Mamjpsc. 

Galactonic 

•7 

Lyxose. 

92° 

Galactose. 

Idonic. 

8 

Xylose. 


Idose. 


Other monobasic acids connected with d-ylucose. 

d-Glucosaminic acid (d-Chitaminic acid), . 

|OHa(OH).C f H(OH).C , H((!>H).(7H(OH).C'H(NHa).COOH, 
is the oxidation product of d-gluM.satnine^p. 259), and, os already shown, 
has also been synthesized by E. Fischer from d-arabinose by addition to 
that pentose of ammonlfcm oyanide, and subsequent hydrolysis. 

It is a crystalline solid which ohars at 24tt° wit^put melting. It is weakly 
Jtetfo-rotatory, and forms a crystalline Intone, which by reduction gives 
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d-glurnmmine. The nitrile o£ the acid is formed by heating d-glucoaamine 
oxime with acetic anhydride, and appears in the form of its •pentacetate 
(Wold’s reaction). ( f K * 

Reduction of the acid by phosphorus and hvdriodio acid at high temper¬ 
atures produces d-a-an\no-n-hexoic acid (leucine, chap. xi. p. 209). 

d-Qlucuronic acid, CH0.[6*rI(0H)] 4 .0()0Il, may be- taken ,as typicfil of 
the aldehyde acids (mentioned earlier in this section, p. 275), which stand 
between the monobasic acid and dibasic acid oxidation products of thn 
aldohexoscs. (Other acids of a similar nature have been prepared from 
< galactose and idosc.) 

d-Olucvronic. acid may be prepared by very cautious reduction of d- 
saccharolactone (p. 2S1); and it is also formed in the oxidation of glucose 
by mercuric oxide. Its interest, however, ljcs in the fact that it--appears 
to find use as a kind,of “carrier” for various organic materials of the most 
,diverso types in their pass?go through the digestive organs. Thus, if 
such substances as terpeno derivatives (menthol, camphor, etc.), phenols, 
aromatic amines, certain 1 aldehydes, (e.y. chloral) and othc^ carbonyl 
derivatives aro administered intefnally to animals, they are excreted as 
condensation products of d-glycuronic acid : the condensation seems to be 
effected at the aldehydic radicle in the acid. 

This peculiarity is adapted to commercial ends in the case of'thc pyrone 
dyestuff cuxanthone (chap. vi. p. 93), which is isolated from Indian 
Mango leaves by means of the condensation product with tf-glucuropic 
acid ( euxanthiriic aad) which is formed on digestion of the leaves by cows. 

Euxantliinlo acid is readily resolved into cuxanthone and d-glucuronic 
acid by heating with 2% su’pbmic acid at 100°. 

d-Glucuronic acid is a sweet syrup, which readily forms the usual 
7 -lactone, glacurone , melting at 17&°,and with (a)„ +19°. 

The lactone is reducible to d-gluconic acid and c£-glucose, wliilst oxidation 
yields d-saccharic acid. When distilled with aquoous hydrochloric acid, 
a considerable amount of Jurfuraldehyde is formed, and when submitted to 
the bacteria prcseiit in docaying flesh, glucurone is converted almost 
quantitatively to l-xylose. 


XII. Dibasic Acids related to the IVntosesand Hexoses 

With the appearance of, two carboxyl groups in place of the 
radicles CH. 2 (OH) - and - OHO of tiie aldose molecule, the asym¬ 
metry of the molecule becomes of £he same general type as that 
in the polyhydric alcohols already described^ in which the neces¬ 
sarily non-asymmetric^ carbon atoms are contained in the two 
primary alcohol residues Ctf 2 (OH) - and - CH 2 (OH). 
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Consequently the niftnber of asymmetric forms of the dibasic 
acids resulting^from the aldopentoses (4) and from the aldo- 
'•hexoses (10) is the same as in the corresponding normal penta- 
hydric and hexahydnc alcohols. Therefore is unnecessary to 
recount the various individual configurations of these compounds,« 
whfch maji be gathered from a consideration of the respective 
- alcohols to which they are related through the aldoses (sec chap, 
'iin^pp. 232-235; this^chapter, pp. 268 and 270). 

1 The dibasic acids under review are the various forms of 
trioxyglutaric acid, COOII.fGTT(0 H.)J 3 .COOH, (from the aldo- 1 
pent dies), and tetraoxyadipic acid, COOH.[(TI(OH)],.COOTT (from 
the aldohexoscs). They *re formed by oxidation, by means of 
dilute nitric acid, of either the respective monosaccharides, the 
monobasic acids of the latter, or tin; pofyliydrie alcohols to which* 
they correspond. They are frequently crystalline, although some 
members of the class have only bofen obtained as syrupy liquids. 
They readily pass into y-lactonic acids of the respective formula* 

* COOH.<7Ei.C^OH).6 , II(OH ).CO 


ami C(X)1L.6’J1(0H).( , I1.<;H(01I).(J11(0H).C0 



Continuous reduction of th£ % lactones yields the corre¬ 
sponding aldehyde- and alcohol-monobasic acids, and finally 
the corresponding monosaccharides and their alcohols, whereas 
the acids themselves, by vigorous hydrogenation with phos¬ 
phorus and hydriodic acid, give respectively n-glutaric acid, 

, COOH.[CHJ 3 ,COOH, and n-adipic acid , COOH.[CHJ 4 .COOH. 

The dibasic acids o£ the aldohcxosc series arc distinguished by 
their transformation (in varying degrees of readiness) to 
furfurane-aa 1 -dicarboxylic acid when .heated under pressure with 
aqueou| hydrochloric acid,:— 


CM (OK»,CH <OH)*COOH 

W 


l. 


CH=C. COOH 
I > * 3H,o 


CH=*icoOH 


tOW .OH (OH>*COOH 


• 4 
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The characteristics of the varieties of tnoxyglutaric acid are as 
follows:— 


Acid. lief.'on pp. 

232, 23^ 

* m 

Ribotrioxyglutaric. li 
(2-Trioxyghitaric. ( 2 d 

M'rioxyglutaric, 21 

Xylotrioxyglutaric. 3 i 


M.p. [a],, Lactonic 
Acid** 
• M.p. 

(Only as ketone). 170° 

128°+23° ? 


127°-23° ? 

162° - Amorphous. 


Correspond- Corresponding 
inq Alcohol. Pentose. 

i-Adonitol. d-&f-Ribose. 
d-Arabitol. d-Arabinose. 

d-Rhamnose. 
Z-Arabitol. Z-Arabinose. 
d-Lyxose. 

i-Xylitol. <fc&l- Xylose. 


* 

It will be noted # that oxidation of d-Rhamnose leads to the pro- 
•duction of d-trioxyglutarie acid, the methyl group disappearing. 

As in the case of the corresponding alcohols, we shall only 
mention the dibasic acids connected with d-glucose, dt-fructose, 
d-mannose , and d-galactose, in the \livision of the hexosc acids. 

d-Saccharic acid , corresponding to d-glucose, is also produced in 
the oxidation of dextrin, cane-sfcgar, maltose, and many other 
carbohydrates. It has been oxidized to d-tartaric acid (together 
with oxalic acid as a by-product). 

d-Mannoracchanc acid is the dibasic acid corresponding to 
d-mannose. Racemic tmtaric add has been obtained from it by 
oxidation. The racemic mannosaccharic acid is important in 
connection with the synthesis* of glucose, fructese , and mannose 
from formaldehyde (see chap. xv. p. 291). t * 

Mucic acid is produced when galactose, lactose, d-rhamnose 
carboxylic acid fd-rhamnohexonie acid), and many naturally 
occurring gums are oxidized. * 

It is remarkable for the ease with which it is transformed into f 
derivatives of the furfurane series in accordance with the general • 
reaction mentioned earlier in this section (p. 279). 

Whilst it yields the /urf urane-aa 1 -dicahjoxylic acid with hydriodie aoid, 
when distilled alone pyromucic agid ( furfurant-a-carboxylic acid) is^roduced, 
and earbon dioxide eliminated; on thf other hand, when heated with 
sulphides of the alkaline earths or alkali mctal%, thiophene-a-carboxylic 
acid is the main producj;, and destructive distillation of ammonium 
mucate results in the products n pyrrol. 
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Acid. 

lief, on pp. 

• M.p. 

[a]' 1 

0 

Larlontf 

Correspond- Corresponding 


233-235. 



Acid. * 

ing Alcohol. Hexoses. 


• 



M.p. [a],. 


d-Saccharic. 

3d 

\ 100° 

+22° 

130° +42° 

Sorbitol. d-Glucosc. 






d-Guiose. 

d-Mannoaaccharic. 

6d M 

Syrup. 

+ 1° 

192° i-2(ft° 

d-Manuitol.d-Mannose. 

(d- + Z>) J^mnosac- 

t 

Syrup. 

- 

*185°, 

{d- + 1-) (d- + 1-) Mahnfcse. 

chai ic. * 



- 


Mannitol. 

t'-Mi.. ic. 

7 i 

225° 

- 

Syrup - 

i- Dulcitol. d-AJ-Galactose. 


When d-ghicosanvine (or d-glucosaminic arid) is oxidized, a dioxyietro- 
hydrafurfurane dicarboxylic arid known as isosaccharic acid {m.p. 185°, • 
[a],, =>+ 46°). is formed (and not a tetraoxyadipic acid, as in the case of 
glucose and the other aldohexoses):— • 


CH(OH).C'H(NH a ).CH() 


/CH(()H).CH(NHt.).COO^[l OH(OH)/;H.COOH 


+ NH a 


0H(OH).<7H(OH).UH,(OH) OH(OH).CH(OH).COOH / 011(011). CH.COOH 


• XIII. The Cyclops or Cyclic Hexoses ,•» 

The molecular formula C 0 H J2 O ( ,, which is possessed by so many 
possible aliphatic isomeridos of a pontahydroxy-aldehyde or 
pcntahydroxy -ketone-like nature is shared by som.; of a cyclic 
structure, namely, that of hcjrfhfdrofiexaSxijbenzenr. [11 exaoxycyclo- 
hexane ):— 


iOH»-CH/OHi 
CHjOH > CH40H) 
CH-iOHr-CRrOH* 


As a matter of fact, ccrtaip naturally occurring substances have 
been proved to possess this structure, and it is interesting to add 
that these compounds are also sweet tasting and in some cases 
optically active, thuf closely resembling the aliphatic or true' 
monosaccharides. 4 

The Jhree cyclic sugars \Vnieh are known to possess the above 
cyclic formula are termed incites; <me of them is dextro a second 
km-rotatory, and the third inactive. 

Now it is obvious that compounds of this type do not possess 
molecular asymmetry of the usual kind ;*but if the steric formula 
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C fl H c (OH) a be examined, it will be seen that the hydroxyl groups 
may lie on either side of the plane of the carbon ring-system. 

For example yvc may have :— f 



Here (i) is a symmetrically arranged molecule, i.e. it is idefttieal 
with its mirror image ; but (ii) and (iii) ttre mirror-images tff each 
other, and non-siTperposable (although this does not appear 
Clearly from a plane illustration). 

We may summarize the passible forms, then, by considering 
the number of hydroxyl groifps on the “ upper ” side of the 
carbon-ring plane in diagrams similar to the above :— 


(") 

A Jo. of hydroxyl groups 
0 

No. of forms. 

1 Optically inactive. 

(0) 

1 

1 Optically active. 

(c) 

2 

« 

3 Optically inactive. 

(d) 

3 

* 3 Optically inactive. 

ie) 

4 

3 Opfr'cally inactive, [identical with 

(/) 

r> 

m 

l' Optically active [fee optical antipode 

(9) 

a 

of(/01.‘ 

L Optically inactive [identical with 


m, 

A 

(«)]• * * 

_ . 


There are thus seven distinct possibilities of optically inactive 
(anti- or mesa-) forms, and two of enantiomorphic optically active 
* varieties. * 


Evidently, then, the d- and Z-forms of inosite correspond to 
configurations (ii) and (iii) in the above diagram (or toi&) and 
(/) in the table; but, although inactive inosite is known *to be a 
non-resolvsble or meso-compound, it^s not really known to which 
of the classes (a), (c), or (d), it belongs ; it is generally represented 
in the simplest possible toiannir, i.e. as in formula (i) above. 
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i-Inosite is found in unrfpe seeds of various Leguminosce (peas and beans), 
and occasionally occurs in abnormal secretions of animal muscles. It 
melts at 225°, aflti is oxidized by nitric acid or other reagent to a mixture 
of oxyquinones. • 

d- Inosile occurs in tJie juices of ccitain tropica’f pines and rub be. trees 
in the form of a monemethyl ether, finite, 0 <I H,.(OH) B ((7UH ;{ ); it is isolated* 
by Seating jyith hydriodic acid as in tho uSual Zoiscl reaction. It melts 
at 247° and sublimes ; it possesses the specific rotatory pijwer [a] D — r 65°. 

• ^Inosite is found similarly, as a monomethyl ether, gucbrachite, in the 
bark of the quobraclia tree. It melts at 247°, and sublimes shortly afier ; 
its speoific rotatory power is [o],, = - 65°. » 

A few other modifications of hexaoxyhexahydrobenzene have also been 
founefin nature, and also some of the logger polyuxyhemhydrobtuzcms. 

The tnore important of tliQfso arc :— 



Form ul/t. 

M.p. m 

Source. 

Quercite 

WOH), 

235 • • j 24 

Acorns. 

Quisle acid 

Cj,H 7 (OH) 4 CO<>lt 

JfV2' . 

Cinchona bark. 

Phlorogl#cbe 

WHL 

is r 

Synthetic. 

Quinite 

OoH 10 (OII), # 

144° 

Synthetic. 

Hexahydrophenol C ti H u (OH) 

15° (b.p.!64°) 

Synthetic. 




There are H3 possible configurations of quercite (6 pairs of enantjpmorplis, 
and 4 meso-forms), but it is notjfesrown to which the natural product should 
bo assigned. It is unattacked by zymase, and is oxidized by nitric acid 
to, amongst other products, mucic acid and (d- +1-) trioxyglutaric acid. 

Qninic acid , which is found associated with cinchonine qnd quinine in 
cinchona bark, is a carboxylic deri vativc of the yoxt lower oyclose CoH$(OH ) 4 . 
It yields several common aromatiifcompounds on distillation, such as phenol, 
salicylic aldehyde, and benzoic acid. iQis oxidized to quinono by manganese 
dioxide and sulplfliric acid, and reduced to benzoic acid by phosphorus 
and hydrfodio acid. m 

The remaining members of this class havo only boon prepared artificially. 

Phloroglucite results when [Jhloroglucinol is reduced ^vith sodium amalgam. 

Quinite (IV) was synthesized by Baeyer by alkaline reduction of p- 
dikctohexampthyleno (III), wh'feh he had previously obtained from ethyl 
succinosuccinate (II) by the action of concentrated sulphuric acid. The 
latter compound is produced by the Claisen condensation from diethyl 
succinate (I)jmd sodium elhovide 


OH/COOEi , 
COOEt + COpEt " * 
COOEt CH— CH a * 

(l> * CH*_jCH» 

»-*► CjO Jpo 


COOEt 
S2*t CM 

so 90 
W H » 

COOEt 


pOOH* 
JOMrCM 
CO po 
S CH —CHj 
COOH 


HD 


C&flOH) bH(OH) 
VHfC'Hz 


(ill) f „ (IV) 
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Finally, hexahydrophenol is most readily produced by the reduction of 
phenol vapour with hydrogen in presence of finely-divided niekel at 200° 
(Sabatier and Scndercns). Cyclohexanone is produced at flue same time :— 

/?H-CH V .CHj-C^t CH£-C^ 

CH COH CHi CO ch f ,CH.OH 

S CH=CH ( 'CHj-CH^ and OHj-CH, «, 

I 

If the crude product is re-hydrogenated in presence of nickel at 170.°, 
pure cyclohexanol, a viscous liquid boiling at 164°, results, whilst if^the 
mixture is passed (in the form of vapour, and without addition of hydrogen) 
‘over copper turnings at 320°, the whole is converted to cyclohexanone, a 
more mobile liquid, b.p. 155°. 



CHAPTER XV 
THE CARBOHYDRATES: 

SYNTHESES IN THE MONOSACCHARIDE SERIES 

I. Gej^eiial 

• « 

T HE fermentation by yeast of ordinary c:§?ie-sugHr (or rather 
the mixture of grape sujjjar ayd ffitit sugar obtained from It 
by*hydrolysis) was exhaustively studied by Lavoisier, who at¬ 
tempted to recombine the jproducts of fermentation (carbon 
dioxide and alcohol) and reproduce the sugar. Ever since this 
period, numerous attempts have been made from time to t time to 
solve this attractive problejju/out since its extraordinary difficulty 
was not realized until a much later date, the earlier essays at 
sugar synthesis were of a haphazard nature, and were practically 
all without result. 

It is nevertheless interest ing to remaifc that, according to van’t 
Hoff, Lavoisier’s synthesis should^from a theoretical and physico¬ 
chemical standpoint, be feasible ; it has, however, not yet been 
carried*out successfully. Van’t Hoff assumed that ferment 
action was a catalytic change of a reversible nature, and that its 
usual course (leading to complete decomposition of the sugar) 
was followed as a result of*the removal of the (gasefous) carbon 
dioxide from the reaction system. Consequently, by the law of 
mass-action, if the constituents could be maintained in a homo-- 
geneous system (i.e. both in the liquid state) in ^presence of 
zymase, sugars should rosuH. * 

We ieed not refer to the various^incffective, although interest¬ 
ing, attempts to achieve the%ynthesis in question (from hydrogen, 
carbon dioxide, Methane, etc .—and ’ in divers of which the 

auxiliary aid of ferments, electrokrsis, #r the silent electric dis- 

285 
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charge wafr invoked}, fcut will pass on to the successful syntheses, 
in all of which an aldehyde (most often formaldehyde or acrolein) 
has served as a startin g point. The chief of, these aVe as follows : — 4 

(i) Butlerow (1861) Aeated irioxymethylenc (a trfjiolymeride of formalde- 
*hvde) with milk of lime, aud produced a fermentable syrup, resembling a 

sugar, which he termed “ mcthylcncitan” and showed to posses^ the formula 
C fi H la O c . ' * 

(ii) Loew (1885) used formaldehyde itself with milk of lime, and obtained 
a similar fermentable sugar-like syrup, known as farinose. 

*, (iii) losing magnesia in place of lime, Loew (1889) produced a third 
syrup of similar nature to the preceding, which he called met}tose. m Both 
of Jjoew’s products corresponded to the molecular composition C 6 H 12 0 g. 

(iv) Emil Fischer showed in 1887, that A vde glycero.sc is transformed 

almost completely to a syrjip of the composition C,iHj^O rt in presence of 

dilute alkalies. This .synip.hr termed a-ucro-'.e. 

k 1 | 

(v) Fischer also obiainojrt a-anvse Irorii acrolein dibromide and ,cold 

dilute aqueous baryta water :— c 

2CH-iBr.CHBr.CHO i 2Ba(0jf)., = + 2BaBr.,. 

4 

lie jhodueed evidence, moreovV- to prove that a-acrosc was 
one of the constituents of the earlier synthetic products [methyl- 
cneilan and formose). 

Now a-arrose was found to give mannitol on reduction, 

whilst fermentation with yeast resulted in an almost fifty per 
cent, yield of l-fradose. Since it is a well-known fact that a 
ferment usually consumes only one optical avtipodc from a 
racemic mixture, it is evident that a-ucrosc ,is simply' racemic 
fructose. 

Its production h, therefore, the result of a series of “ aldol 
condensations”:-- v 

* 

(i) From formaldehyde ■ - 

(a) H.CHO I 1LCH0 -> CH.(OH).CHO, 

(b) H.CHO -t CH.(OH).CHO -M1H-.(0H).CH(0H).CH0 or 
H.CHO H CHi(OH).(’HO CH_,(OH).CO.CH,.(OH). 

(ii) From crude glyccrose 

CH ,(OH).CH(OH).CHO +OH,(OH ).CO.CH ,(0H) * 

-^C« a (OH)^H(OHj'.CH(OH).CH(OH).CO.Cli i (OH). 
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It is obvious, therefore, that either glycerose or dioxyacetone 
may be formed by the aldol condensation of formaldehyde ; these 
► condense further to member of the hexo.se series. Similarly, 
crude glycerose, which (p. 247) is also a mixture of glycerose and 
dioxyacetone, yields’the same product, </-4-<-fnictose. ^ 

m-Acrose* has thus come to serve as«the starting point for the 
syntheses of all the hexoses, pentoses, and tetrose* so far carried 
This work is pre-eminently due to Emil Fischer, who spent 
many years on the problem before proceeding to the study of the 
purines and polypeptides (already outlined in chapters x. and xi.). * 
Othe# names of importance in this field, which has been assidu¬ 
ously cultivated from 18$7 onwards, are those of Tafel, Leuclis, 
Lobry de Bruyn, Kiliani, Wohl; Rolf, and Fenton. 

We will review the general methods fused in the transformation 
of *-acrose into the different fndivylual ^nonosacchurides, before 
describmg the syntheses of each separate class. We may in some 
measure classify the expermidhtal methods involved by grouping 
them as follows :— 

I. Transformation from onr/dass <>f monosaccharides to the next 

{higher or lower) :— 

• 

(а) Degradation of a (primarily synthetic) monosaccharide to the corre¬ 
sponding sugar of the next lower series by Wold's or Hull’s processes (p. 228) 
constitutes a synthesis of the lower sugar w'hiih is formed. 

(б) Elevation of a (primarily* synthetic) sugar to the corresponding 
members of the next higher scries bj*Kilmni’s reaction (p. 227) has also 
been of frequent \ ice. 

Whereas, howevc*, tlie degradation melhod gives a definite stereo- 
chemical synthesis in all cases (since no fresh asymmetric centres are intro¬ 
duced), the Kiliani method involves the production of a new asymmetric 
carbon atom, which will posse.y in general both possible configurations, 
so that an equal quantity of two stereoisomeric sugars is the net result :— 

P P 

a \ I m 

(а) CJI(OVI) - - (‘HO 

I 

cut) 

fl p / r i* 

m \ 

(б) CHO- > G’H(OH) | both H.U.OH and HO.C.I1 

f / I I / 

CHO / € CHf) CHO/ 

* . 

- * - 
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If, however, the configuration of one of the latter products is 
known by an independent synthesis, that of the other follows; 
otherwise the Kiliani synthesis is stereocbemicall) incomplete. 


II. Transformation from an aldose to a ketose of the sam-e series. 

This has always boon achieved by producing the osazone of the aldose 
(I), and converting it by reduction of the corresponding osone (II) to the 
ketose (III):— 

L>X , H(OH).( , HO P.(!(:N.NH.C„H-.).C:H(:X.NH.(V.H-,) 

(I) * 

I\C().CJU.,(OH). (P.CO.CHO) 

(HI) (II) * 


III. Transformation from one aldose to 1 another of the same series. 

" This has been carried out by utilizing either of two methods :— 

(i) Starting with a synthetic sugar, tois is oxidised to the corresponding 
dibasic acid. Reduction of this (iu the form of its lactone) produces a 
mixture of the original sugar and a new one, related to the other in that its 
CH..(OR) - and -CHO groups are in an inverse position to those 
(CKO - and - (!IL(OII)), of the onghnil synlhel ie sugar. 

Thus,taking synthetic d-ylu$o*c (1),- his may be oxidized to d-snecharic 
arid (II), the lactone of which reduces to an cquimolccular mixture of 
d-yluco.se (111) and d-yulosc (IV). d-Gttlo.sc is thus proved to have the 
configuration shown in formula IV:— 


CH.(OH) 

HO.H 

HO.I1 

H.OH- 

HO.H 

OHO 


000 H 
HO.H 
HO.H 
11.011 - 
HO.H 
coon 


OH,(OH) 
Hu. II 
HO.H 
^ H.OH 
llO.H 
OHO 


OHO 

HO.H 

HO.H 

and* H.OH 
HO.H . 
OIL(OH) 


m 


(LI) (IU' (IV) 


(ii) A synthetic aldose may be oxidized to the eoiresponding monobasic 
acid. It is known (p. 270) that the latter arid, when heated at I30°-140° 
with quinoline, will suffer partial raeemisation of the asymmetric carbon 
atom adjacent to the carboxyl group, an equilibria u mixtuioof the original 
acid with a $\ew stcreoisomeric, acid being produced. The mixture may 
be separated bv methods described below, and the new acid reduced to its 
corresponding aldose, which is thus synthetically prepared. 

F()>r example, synthetic d-arabkw.se (I) is oxidized to d-arabonic acid (II), 
whicb, heated with quinoline at 180°-110 1 ', gives a certain proportion of 
d-ribomc acid (111): induction of the latter, when freed from the accom¬ 
panying d-arabonic acid, gives d-.-i^ose (IV):— 
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, CHa(OH) 
HO.H 

HO.H — 
* H.OH 
CHO 

(I) 
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C»,(OH) 
HO.H “ 
HO.H — 
H.OH 
COOH 


CH,(OHl 
HO.H' 
HO.H — 
HO.H 
COOH 

. (HI) # 


CHo(OH) 

HO.H 

HO.H 

HO.H 

CHO 

(IV) 


IV. Resolution of inactive synthetic sugars. , 

* ».* 

W 2e racemic products obtained in the first instance from 
formaldehyde, etc., have been resolved into their components by 
the following methods :— 

m 

(i) Biochemical .—The synthetic sugars, as such, aro submitted to the 
action o! given enzymes or fefments, somo of which destroy one optical 
form, and others the opposito variety, of the sugar. Tile action of different 
ferments is excessively selective, as has bpen sflfeady pointed out (p. 265) ;* 
but co definite rule has yet been dftcovefed by» which the fermontability 
of a sugar 0f given configuration may bo predicted. 

Roughly speaking, the d-hexosty (^-glucose, d-matinose, d-galactose, 
d- fructose) aro destroyed by yeast ferment, whilst the /-stereoisomers are 
unattacked a • % 

(ii) Chemical. —Th° acid oxidatmai products of the sugars may fie com¬ 
bined with an optically active base, and the resulting mixturo of two 
optically heterogeneous salts submitted to fractional crystallization. 

Here, again, little is known of tho rules governing the solubility of salts 
of acids of enantiomorplious configuration. As a qualitative rule which 
has but few exceptions, however, jit is found tJiat an acid in which the 
asymmetric atom next to tho carboxylic radicle has the configuration I. 
yields sparingly soluble salts with quinifie, strychnine, or brucine; whilst 
that in which the adjacent asymmetric carbon atom lias the enantiomorphic 
disposition II., generally gives sparingly soluble salts of cinchonine or 
cinchamidine: • 


COOH 

H.OH 


COOH 

HO.H 

I 

II. 


V. Synthesis of the alcohols and acids genetically connected with 
the monosaccharides. 

Since the sugars can be reduced to the corresponding alcohols 
by sodium amalgam, whilst aldoses yield the corresponding mono- 
and di-basic acids by suitable oxidat|pn, and since either kind of 
19 i> 
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acid can be reduced to the corresponding aldoses or alcohols, as 
well as (in the case of dibasic acids) to the aldehyde acids, it fol¬ 
lows that, once a sugar or a corresponding monobasic acid or a** 
corresponding diba^c acid has been synthesized, the synthesis of 
* the complete series of derivatives ensues as a patter of course. 

We will now examine in some detail the application, of the fore¬ 
going methods to the synthesis of the more important individual^ 
hexoses. ** *' 


II. Syntheses of the Hexoses 

< 

A. Glucose, Fructose, and Mannose. 

» (i) d- (and 1-) Manno'sft As already stated, reduction of syn¬ 

thetic a-ncrose produces racemic mannitol, which, when re¬ 
oxidized, furnishes firstly (a- +I-) mannose (a synthesis of this 
substance), and secondly (d- -f -1-) mannonic add u The latter acid 
is separated into its active modifications by fractional crystalliza¬ 
tion ofc' the brucine salts, and reduction of these leads respectively 
to d- (and 1-) mannose. x - 

(ii) d- (or 1-) Glucose. The active d- or l- mannonic acids 

undergo partial racemization of one asymmetric carbon atom in 
the manner described above (p. 288), when heated with quinoline 
to 140°. The resulting acids are "respectively d- and l-gluconic 
adds, and reduction of the latafones of the latter furnishes d- and 
l-glucose. , 

(iii) d- (or 1-) Fructose, d -Mannose and d-glucose both yield 
d-glucosazone when treated with excess of phenylhydrazine,'and 
the d-gluQosonc resulting from this^compound by treatment with 
dilute aqueous sulphuric acid is reduced by sodium amalgam to 
d-fructosc. 

l-Fructose is similarly synthesized froifl the oitizone of either 
l-glucose fir l-mannose , and also results directly when a-acrose is 
fermented with yeast. * 

B . Gulose and Sorbinose. 

(i) d- (or 1-) Gulose . d- (or 1-) Gluconic acids (by intramolecular 
rearrangement of syndetic &- (or 1-) mannonic acids respectively. 
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or by oxidation of synthetic d- (or 1-) glucose) are oxidized further 
to the dibasic d- (or 1-) saccharic acids. Reduction of these pro¬ 
duces an eqjti-inoleqylar mixture respectively yf tf-glueonic and 
d-gulonic acids, or of J-gluconic and l-guloni£ acids. The mixture 
of two acids may T>e separated in the usual way, and the pur*^ 
d+ (or 1-) qulonic acid reduced to d- (or 1-) gulose. 

(ii) d- (or 1-) Sorbinose, d- (or 1-) Gulosazonc yields the unstable 
*ii*^or 1-) gulosme by acid hydrolysis, and the latter can then be 
reduced to d- (or /-) sorbinose. 

The racemic forms of these different sugars can be synthesized 
simply by crystallization of equal quantities of the synthetic 
dexlro- and Icevo- forms. • 

The accompanying table illustrates tjie syifthesis of the sugars 
of the mannose and glucose series (tit which correspond respec¬ 
tively the alcohols mannitol and sorbitol* and the mannosaccharic 
and saccharic acids). 


Dibromacrolein or Formaldehyde, or Crude Olyccrose 


• • 


a-ACROSE 

I 

(d- +/-) Mannitol 

i 

y 

(d- +/-) Mjfiinose 
(d- +1-) Mannonic Acin 

' - I 

/-Olnconic-^r-Miinnonic ._d-Mannonic->d-Glaconic d-Gulonio 

acid <- acid, ^ acid <r qpid^j. ^acid 

d-SaccVaric 
acid 

/-Glucose /-Mannose d-MANNOSE d-QLUCOSE (/-Gulose 
l-Olueosazone d-Glucosazone d-Onlosazone 

i i 

/-Fructose d-FRUCTOSE (/-Sorbinose 


C. Galactose, Idose, a?d Tal8se. 

The syntheses ofrthe remaining .hexoses depend on a somewhat 
more complicated series of reactions; this is owing to the fact 
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that whilst the glucose and mannose series differ stereochemically 
only as regards the asymmetric atoms next to the aldehyde group, 
galactose differs fyom either of the former t^pes in fnc configura¬ 
tion of the third asymmetric atom (counting from the aldehydie 
radicle). * " „ 


CH.,(OH) 
HO.H' 
HO.H 
H.OH 
HO.H 
CHO 
d-Glucose 


CH.,(OH) 

HO.H~ 

HO.H 

H.OH 

H.OH 

CHO 

d -Mannose 


CH a (OH) 

HO.H 

H.OH 

H.OH 

HO.H 

CHO 

(2-Galactoso 


The syntheses all‘3tart„ therefore, from the gulonic acids, which 
possess an “ inverted ” configuration to those of the gluconic acids, 
and thus have the two asymmetric atoms adjacent to the alcoholic 
group in the configuration necessary for the galactoses. T^hus : 


CH,(OH) 

'HO.H 

HO.H 

H.OH 

HO.H 

COOH 


CH a (01I) 
H.OH 
HO.H v 
H.OH 
H.OH 
COOH 


CH a (OH) 

H.OH 

HO.H 

HO.H 

H.OH 

CHO 


<Z-Gluconic acid dfGulonic acid 


/-Galactose 


(i) d- (or l~) Galactose. To convert the remaining two asym¬ 
metric atoms in the gulonic acids to the desirc’d relative con¬ 
figurations it is necessary to degrade these compounds to the 
corresponding polities (thereby destroying one undcsired atomic 
centre of asymmetry). The resulting monobasic pentose acid 
is then heated with quinoline to 140°, and thereby partly changed 
to an isomeric acid, in which the three asymmetric atoms are of 
* suitable configuration for our purpose. * 

For example: 


CH,(OH) 

H.OH quinoline 

HO.H V-— 

H.OH at 140" 

COOH 

(from <f'gulonic . cid) 


♦ CH.,(OH) 
H.OH 
• HO.H 
HO.H 
COOH 
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Kiliani’s reaction is then applied to the*pentose obtained by 
reduction of the lactone of the new acid, and two sugars result, 
one of which lias all Jkur asymmetric carbon atoms in the assumed 
configuration for l-galactose (if d-gulonic acid has been the original 
acid used). • • 

• 

Thus, in tlio synthesis of d-galacfose, Fischer commenced with teutonic 
*ucid, degraded this by Wold's reaction to l-xylose (the corresponding pentose), 
and oxidized tho latter to l-xylonic acid, which was heated with quinoline 
at 140°. Reference to tho table of pentose-configurations (chap, xiii* 
p. 232) will show that by “optical inversion” of tho asymmctiic atom 
next^o tho carboxyl group in f-xylynic acid, a stereoisomer whose con¬ 
figuration corresponds to d-hjxonic acid is formed. 

'the mixture of l-xylonic and d-lyxonic acid g was s#parated by crystalliza¬ 
tion of their strychnino salts, and the corres fading d-lyxonic lactone reduogd 
to d-lyxose. • 

On applying Kiliani’s reaction to d-l^xosc, a mixture of d-galactonic and 
d-tulonic acids (configurations Id and 5 d on p. 234) was obtained, and sepa¬ 
rated by crystallization of the cadmium salts. 

Reduction of d-galactonic lacionc yielded synthetic d-galaclosc. 

Starting from d-gulonic acid, r similar process led to tho synthesis of 
l-galactose . ‘ 

The syntheses of the galactoses imply the synthetic production 
of i-dulcitol and of i-mucic acid. 

m 

(ii) d- (or 1-) Talosc. Reduction of the talonic acids obtained together 
with the galaetonie acids in the transference from the pentose d- (or 1-) 
lyxose to # the hexoses has furnished the synthetic lotoses (configurations fid 
and 51, p. 234). • 

'iii) d- (or 1-) Idose. Whgn d- (or /-) gidonic acid is subjected to intra¬ 
molecular rearrangement by quinoline, tho isomerido produced is d- (or 1-) 
idonic acid. Reduction of the Mactone of the latter acid (when purified) 
yields d- |or*/-J idose (configurations. 8d and 8/, p. 235). 
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These results are summarized in tabular form below: 

„ a-ACROSE ft * 

4' 

v ‘ (d- ^ Z-) Mannitol 

*4 

( d - -I-/-) Mannonic acid 


d-Mannonie acid < -Z-Mannonic acid 


4 4 

d-C laconic acid-<-— 

"4 

d-iSaccharic acid- 


d- Idonic 


d-Gulunic acid 
I acid < I 

‘4 4 * c 

(Z-Idose d-Xyhutc v 

4 ‘ 

d-Xylonic acid 

4 4 

Z-Lyxonie acid 

•r + 

l-Lyxo.se 

l-Tulonic acid <—^—>- l-Galnctonic acid 

1 | d-Gulaclonic acid — 

4 4 4 

Z-Talose Z-CaiActose d-GA/.ACTOSE 


4 4 

Z-Clucnnic acid, 

4 . ' 

/•Saccharic acid — | 

l - (talonic acid l-1donic * 

I -I acid 

. 4 _4 

l-Xylose 

4 . 

Z-Xylonie acid 

’ 4 4 

d-Lyxonio acid 

\ 4 

-d-Lyxosc - 


Z-Idosj* 




d-Talutiic 
y acid 
cZ-Talosk 


w r 


HI. Syntheses of the Pentoses” 

» 

The four aldopcntoses have been synthesized from the hexoses 
by Wohl’s or RuiF« sugar-degradation ’processes, three of them 
directly, th$ other ( ribosc ) by intramolecular rearrangement of the 
arabonic acid formed in the synthesis of antbinosc. . 1 

, (A direct synthesis of ribosc would necessitate degradation of the hexoses 

CH 2 (OH) CfMOU) % Cll 2 (OH) 

HO.H HO.H / HO.H\ 

HO.H TTO.H •(->• HO.H) 

HO.H HO.H \ HO.H/ * 

HO.H ffl.OH - CHO ! 

>' CHO M’HO * 

(Id) (2d) < d-Ribose, 

and neither of these particular sugars have thus far been isolated in either 
d- or Z*form.) 


•V 
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The syntheses may he thus summarized .* 


(a) Direct, f 

d- (or Z-) Glucose- d- (or !-) Akabin^se. 

d- (or Z-) Gulose->■ d- (or 1 -) XyAose. 

d - (or U ) Galactose- >~ d - (or 1 -) Lyxo.se. 

• • 

(b) Indirect. 

(qp Z-) Glucose(or 1-) Arabonic acid->-d- (or /-) Ribonic: acid->-d- (or 1-) 

Ribose. 

d- (or 1-) Gulose->-rf- (or Z-) Xylonic acid >/- (or d-) Lyxonic aeid-W- (or d-) , 

Lyxosk. • 


IV. Syntheses of the Tetkoses 

4 • 

d- and Z-Erythrose, and Z-t|jreose, luiVo been obtained from ft- 
and Z-itfabinose and from Z-xyloSe respectively, by means of 
Wohl’s reaction. Since the nrabinoses and l-xylose have been 
synthesized in the manner indicated in the last section, the 
tetrosesp resulting from them by degradation are also completely 
synthetic products, no new Asymmetric carbon atom of undeter¬ 
mined configuration having been added. 


The syntheses* may bo illustrated by that of d-crythrose from d-ura- 


binose :— ’ 
CH a (0H) 

JJn 2 NH a° H 

HO.H #-—^ 
H.OH 
CHO 

d-Arabinoso 


CH a (OH) 
gO.H Arctic 
HO.H — 

If! OH anhydride 
OH:N.OJ£ 
d-Arabinose oxinu: 


CH a (OAc) 


n*o.n 

AcO.H 

H.OAc 

CN 


H..0 


CHa(OH) 

HO.H 

HO.H +HCN + 
CHO 

4CH y C00H 


Tetracelyl-d-ai$.bonic d-Erythrose 
nitrilo 


V. Syntheses of the Dioses and Trioses 

In contrast to the elaborate and connected series of synthetic 
metheds outlined in the preceding sections, and employed in the 
syntheses of the tetroscs, pentoses, and hexoses, those members 
of the two lowest sugars which have hitherto been produced from 
their elements in the laboratoryehave Jbeen obtained by means 
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of a variety of quite independent reactions. Most of these 
syntheses have already been described in dealing with the indi¬ 


vidual sugars in question; 
place the processes involved! 


but it will t)Cj well t & collect in one* 


# Diose. Gli/cohfiic, CH a (OH).CHO.’ f 

(i) The oxidation of glycol is a synthetic method, since the lattfsr compound 

can bo synthesized from ethylene. ** 

(ii) Similarly, the preparation of glycolose from monobromacetnl (Troin 
acetaldehyde and alcohol) is synthetic. 

* (iii) Fenton’s synthesis from diorymakic acid (p. 274) is, however, the 

most complete, since it gives the maximum yield and purest product* The 
dioxymaleie acid is a synthetic compound, since it is produced from tartaric 
acid, which has been synthesized in various ways (for example, from sym- 
dibromsuccinic acid, \fhich iti produced from succinic acid, obtainable in its 
tWn from the transposition* faod vet of potassium cyanide and ethylene 
di bromide). * , * 

Tbtosem. (Uyccrose, CiIj(OH).611(UH ).CHO. 

The only conclusive synthesis of this sugar is due to Lobry do Bruyn 
and Adriani, who prepared it from dibromacrolein : — < * 

CH.j(011).CIl(0H ).CH 2 (01f) -> CH,:CH.CHO -> CH,Br.CHBr.CHO 
Glycerol (synthetic) Acrolein Dibromacrolein j 

CHo(0II).6’H(0H).CIi0. 

Glyccrose (95 % yield). 


DioryacetShe, CII,(OH)/X).CH,(OH). 

This, the lowest member of the kf loses, was synthesized by Piloty from 
formaldehyde (I) and nitromethane (Ll). These condense in presence of 
aqueous calcium hydroxide to “ wilroisobuiylglyccrinc V (HI), which loses 
a molecule of formic acid by oxidation in presence of aqueous mercuric 
oxide, and becomes dimxyaceloximc (IV). Tho'action of lime on the latter 
compound replaces the oximino group by t ,oxygen, thus furnishing dioxy- 
acetone (V): 

Ca(OH )./*gf. HgO aq. 

, 3CH0+ CH..NO,-> (OH.,OH ).,.C( NO,.).CH.,(OH)->- 

(I) (II) ‘ (HI) 

CH>(OH).C(:N.OH ).OHj(OII) — > flH»(OH).CO.CH,(OH). 

(IV) (V) 



CHAPTER Xyi 


THE CARBOHYDRATES: * 
GLUCOSIDES, SYNTHETIC AND NATURAL 

T HE monosaccharides, which form the simplest types of the 
carbohydrates, havc^ now bfeen reviewed collectively and 
individually ; there remain to bo described thq various other-like 
derivatives of these simpler sugars, w&ich have already beer* 
classified (chap. xii. p. 217), but ipay for tlie present purpose 
be rearranged as follows :— 

• 

A. Glucosides. —Ether-like compounds of a monosaccharide 
with a nibnflhydroxylic compound of more or less simple mature. 

(i) Synthetic : Compounds* with methyl or ethyl alcohol, 
phenol, etc. 

(ii) Natural: Substances such as amygdalin, indican, etc. 

B. Polysaccharides. —Ether-like cofhpounds formed from 
two or more monosaccharides with*elimination of water. 

(i) Di- (and fri-) saccharides. Derived from two (or three) 
monosaccharide molecules. 

(ii) Polysaccharides. (TJic starches and celluloses.) Derived 
from an indefinitely large number of monosaccharide molecules. 

• 

In-this chapter we shall deal with the first of these divisions, 
namely, the simpler ethereal condensation-products of the mono- . 
saccharides, both synthetic and natural. 

* 

I. Synthetic Glycosides 

Fischer discovered 1 in 1893 that .glucose could be esterified (as 
it were) by methyl or ethyl alcohol il presence of a small quantity 

* 207 
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of anhydrous hydrochloric or sulphuric ‘ acid. For instance, 
methyl alcohol and cZ-glucosc reacted to form an ester-like deriva¬ 
tive with elimination of a molecular amouyt of walcr : 

C«Hj./) e + Clft. OH-> (C ti H n V' 6 )'O.CH;{ + H,0 

« « 

The resulting substancb was found to be very similar in fcro-, 
pcrtics to the ■glueosides found in many plants, and was named by 
Fischer rnelhyl-glumri.de. * 

We will use the derivatives thus obtained by Fischer from ■ 
methyl alcohol and d-tjlucose as typical illustrations of the com¬ 
pounds which have come to be known as the “ synthetic 
glucosides.” « 

In 1895, Fischel’ published details of a method which gave him 
•much better yields of “ fncthyl-gjucoside ” than previously, and 
he was thereby enabled to show that the product was iy>t homo¬ 
geneous, but consisted of two isomeric compounds which he 
termed respectively a- and / 3-melhyl-d-glucoside. 

He ^heated pure d-glucosc with the purest obtainable methyl 
alcohol in presence of 0*25 per V*ent. of anhydrous hydrogen 
chloride for an hour under a reflux condenser. On cooling,.a 
45 per cent, yield of a-methyl-d-glucoside separated out, and the 
filtrates from this were again heated with morfe’ of the methyl- 
alcoholic hydrogen chlbridc for a «day. In this way a further 
35 per cent, yield of the a-(^)mpound was produced, whilst the 
mother-liquors were found to contain a small* amount of the 
isomeric fi-methyl-d-glucoside, which is mote readily soluble 
and also melts at a much lower temperature than the former 
derivative. 

By thi£ process Fischer succeeded in converting *100 parts of 
d-glucose to 80 parts of u-melhyl-d-glucoside and 10 parts of 
1 j3-methyl-d-glucoside . He also found that* instead of d-glucose, 
polysaccharides such as starch, cane-sugar, maltose, etc. (which 
yield d-glucose by hydrolysis) could •equally well he employed. 

It was observed later th$t the 8-derivative passes inlt> the «- 
derivative in presence of alcoholic*hydrogen chloride, an equi¬ 
librium mixture being set up between the t#o isomerides which, 
even at ordinary temp<flraturdfj, is largely composed of the a-form. 
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Another method of preparation of the compounds, which leads 
to the production of either form as desired, was worked out 
Sbmewhat later* (about V900) by Fischer and E. JB\ Armstrong, 
and also by Konigs ajid Knorr. « 

The first pair of chemists showed that by the action of acetyl 
chlofide (or bromide) on d-glucosc pentacetate, compounds 
Ijnown as accto-chhro- (or -brumo-)-d-glucose were produced. 
Now the pentacetates corresponding to the a-, /3-, and y-forms of d- 
glucose (chap. xiv. p. 25fr) had each been isolated, and it was 
found that each of the first two of these varieties of d-glucose gave 
rise to a corresponding «- or fi-aaiopMoro-d-yluoise. then Konigs 
and Kiforr proved that, by‘allowing either form of the acctochloro- 
compounds to stand covered with anhydrous methyl alcohol for 
some time, the corresponding a- 4 or fd , -'met%yi-d-(jlucosidc trtracct alas' 
resulted jn excellent yield, and frehn these by hydrolysis the 
individual «- or /3-varieties themselves followed. 

Turning now to the constitution of the matht/J - d-glucosides , we 
may observe in the first place that, like similar derivative^ from 
other hexoses or from the ahlopenfcoses, these compounds are 
well-crystallizcd substances which may be recovered in the 
crystalline state from hot alcohol, water, or acetic acid ; they are 
optically active‘stable towards aqueous alkalies, but are hydro¬ 
lysed more or less readily to the component sugar and alcohol by 
aqueous mineral acids. 

As regards tlfoir structure, the most obvious explanation is 
that one of the niUny hydroxyl groups in the d-glucose molecule 
is So influenced by its position in the molecule as to become 
acidic, so that the formation of these glueosides will be repre¬ 
sented as: • 

C 3 Hfi(Ol*),.CHO *CH,.OH ~C)H«(OH),(OCH 3 ).CflO + H,0. 

> 

This view is at once invalidated by the fallowing facts : 

(i) Thj^ mthylglncosides possess no pro^rties characteristic of the alde¬ 
hyde group. • 

(ii) The relations tetween the aceJochloroijhteoscs (whose structure is 
known by their relations to a- and /3-cj^glucQS|i) and the methylglucosides 
cannot thus be accounted fo*. 
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The first objection suggests that it is the aldchydic group which 
has been in some way “ estcrified,” and this is borne out by the 
evidence of the acetockloro- compounds, Which proves directly thti 
structure of the and j3-methylghico$ides, fjmd shows them to be 
stereochemical isomorides of the type which has become so 
familiar in the preceding* pages. «• * 

We have seen (chap. xiv. p. 258) that a- and ‘3-glucose are Jin 
be represented as: # 




HO.H” 

.11 

H.OH 
HO .11 
(HO)G’li 


and 


« 


O 


CJL(OH( 
HO. H 
.H 

H.OH 

HO.il 


so that (representing the group -CO.CIl, by Ac-) their ^entacetyl 
derivatives are : 


CIl..(OAe) 
r, AcO.li 
.H 

H.OAe 
AcO.li 
(AcO) CH 


4- 

and 


0 


AH-iW 

AcO.R 

" H.OAe 
AcO.H 
>UI<7(0 Ac) 


*.< 


The occfocAZoro-compbunds are believed to correspond in the 


following manner: — 



OH.j(OAe) 

,, 017,(0 A 6) 


AcO.IL 

AcO.H - 


.H 

, .H 

r 

^ H.OA6 

and H.OAe 


O'' AcO.li 

- 0- AcO.H 


' CICH 

HC’Cl « 

• 



Hence, finally, the a- and fi-methi/l-d-glucosides come to be 
represented as : 


</ 


CH-(OH) 
HO.H 
, .H 

^ H.OH 
OC HO.H 
(CH 3 0)CH 






and 

* 


CH a (OHU 
HO.H t 
^.H 

•'''H.OH 
0 .HO.H 

HC7(OCH 3 ) 
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The chief synthetic^rlucosides are enumerated in the following 
table, and attention is there di-awn to their behaviour with the 
enzymes zymase and emulsin. In certain cases, the glueosides 
are hydrolysed by these unorganized ferments, and it will be 
noticed that: % 

(i)«The only glueosides attacked ane those containing the 
asymmetric configuration common to d-glucose and d-galactose. 

'(ii) *The a-glucosides are attacked by zymase , not by emulsin ; 
whilst the /3-compounds *je hydrolysed by emulsin , but not by 
zymase. (In certain cases only one isomer of the glueosides is 
knownflund it is uncertain with which form (a- or ,3-) these should 


be classed). 



* 


Pentosides. 

M.p. 

[«],. 

Action of iffmase. Action of eruuhin. 

a- Methyl-Z-Jtyloside 

92° 

4 153° 

None * 

None 

ft- „ -Z- „ 

150° 

- (i(»° 

None 

None 

Metliy l-Z-ivrabi noside 

176° 

? » 

None 

None 

Methylrhamnoside 

109° 

-62° 

.None 

None 

« #■ ♦ 


* 



Geucosiues. 





■ 

a-Mothyl-eZ-glucoside 

16G° 

+158° 

Hydrolysed 

None 

ft’ r> ’d- »» , 

110° 

—32’ 

None 

Hydrolysed 

tl- „ -l- «»> 

106° 

-157° 

None 

None 

ft- „ -l- » 

110° 

43 r 

None ** 

None 

a-Ethyl-d-glucoside 

114° 

4151° 

Slo^ hydrolysis 

None 

ft- » *d- )i * 

Syrup 

- 30° 

* None 

Hydrolysed 

MetLyl-d-mannoside^ 

191° 

482° 

None 

Slight hydrolysis 

a-Mothyl-fZ-giilactoside 

110° 

4179° 

None 

None 

ft- m -d- ,, 

170° 

. 43° 

None 

Hydrolysed 

a-Ethyl-rZ-galactoside 

130° 

-1 179° 

None 

None 

ft- *» -d- » i, 

155° 

- I" 

None 

Hydrol ysed 


Some of the related acetochlaro-monosaccharides are given in the 
next table. 


3 

Acotochloro-Z-arabinosc. 

Acetochloro-i-glucose? 

Acetochloro-ritgalactose. 


a- Variety. 

# l>h 

64°+147° 

• —• 


ft- Variety. 
M.p. [a]„ 
152° -225° 
74°+160° 
82° +212° 
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II. Natural Glucosides 

* & * 

The numerous ethereal compounds of glucose which are found 

in nature are probably constituted very similarly to the synthetic 

derivatives which have been discussed above, but the substances 

l 

which have suffered condensation with glucose in the tissues of 
plants are usually more complicated than those in the synthetic 
glucosides (?'.<?. methyl or ethyl alcohols, hydrogen chloride, or 
hydrogen bromide). Several different types of organic compounds 
(mostly of the aromatic series) are found, in fact, combined with 
the sugar molecule, notably aldehydes % phenols , and esters? 

On the other h?nd, sugars other than d-glucose are occasionally 
* met with in natural gluflDsid.es ; the chief of these is d-rkamnose , 
the methyl-pentose described on J). 251. Derivatives of rharhnose 
are often termed “ pentosides ” in distinction to the “ glucosides,” 
but, since most frequently those substances which contain 
rhamnose contain also a molecule of d-glucose, tljis 4 seem{ji an 
unnecessary distinction, and it is better to refer to the whole class 
as glucosides , defining the latter term as substances containing 
organic compounds of various types united in the, form of a condensa¬ 
tion product with d-glucose , rhamnose , or other monosaccharides . 

Similarly, the glucosiides are oftqn subdivided according to the 
number of molecules of monosaccharide which they furnish upon 
hydrolysis; this again is too'artificial a method to be of much 
service, and it is more profitable to group them according to the 
nature of their non-carbohydrate products. , 

As a class, the? glucosides are solids, usually crystalline, but 
occasionally amorphous. They possess optical activity as a 
general rule, and are fairly stable except in presence of hydrolytic* 
, reagents. v 

Their susceptibility to hydrolysis varies greatly; some (but 
not most)* glucosides are decomposed by boiling water or by 
dilute alkalies; the majority, however, are readily b|pken up 
only by the application of a queans hydrochloric or S&lphurio 
acids. The natural glucosides, like the synthetic compounds, 
are also hydrolysed tjy certain enzymes; very frequently an 
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enzyme which is especially adapted to the hydrolysis of a given 
glucoside exists in the plant in which the latter occurs. 

% As regards the constitution of the natural glucosides, it will be 
inferred that the most favoured view is that, thp non-carbohydrate 
constituent (which # mhy be represented as K.OH)is united to the 
sugar molecule, as is methyl alcohol in the methylglueosides; 
that is, the glucosides of d-glucose may be represented as: 


CH 2 (OH) 
HO.H 
.H 
H.OH 
or ./HO.H 
\ HO(OR) 


. ■» 

Moreover, there is reason to believe* that the more common* 
gludbsid^s, at any rate, are to' be considered as S-glueosides, in 
view of the following facts :— 

(i) Like the synthetic fi-d-glucosides, most of the naturally 
ocotirring) members are hydrolysed by the enzyme emulsin , but 
not (except in rare instances) *by zymase . 

. (ii) The few naturally occurring glucosides which have also 
been synthesized in the laboratory belong to the /3-type. 

Thus helicin' ( salicylaldehyde-d-glucoside, which results by 
oxidation of the natural product salicih, showing incidentally 
that the latter is a condensation product of salicyl alcohol and 
d-glucose , and that the condensation must take place through the 
phenolic*hydroxyl* radicle of salicyl alcohol) has been synthesized 
by * condensation of fi-acetochloro-d-glucosc (p. 299) with salicylic 
aldehyde , and careful hydrolysis of the resulting helicin telracetatc. 

The properties of a few of the more important natural glucosides 
are enumerated in the following table (the numbers indicate the 
molecular proportions of the monosaccharide and the non- - 
carbohydrate products of hydrolysis). 
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CHAPTER* XVJI 


THE CARBOHYDRATES: 

DI-, TRI-, A^D POLY SACCHARIDES 

I. The Disaccharides 

T HE (lisaccharidcs , of which wc shall especially notice only 
arcibiose, cane-sugar , lactose, mclihiow, and maltose, arc com-# 
posQfl of two molecules of a moAosaopharide (with the elimination 
between these of a molecule of water). 

The most important and abundant of all the natural sugars, 
cane-sugar, is a disaccharide which when hydrolysed yields a 
molecule^iach of d-glucosc and d-fructose. In spite of thiSs, it is 
quite unnecessary to devote any considerable space to the descrip- 
ti6n of this substance and its congeners, for chemically speaking 
their only characteristic property is their hydrolysis, and their 
chemical behaviour is summed up in those of their hydrolytic 
fission products. 3 

Nevertheless, we may glance at''the general question of the 
structure.! of the disaccharides. The products of hydrolysis of 
the compounds which we shall mention are as follows :— 

* 

Arabiose yields f-arabinosc H £-arabinoi>c. 

Cane-sugar „ of-glucose -t-d-fructose. ' 

Lactose „ d-glucosc -fd-galaetose. 

MeUbiose „ d-glucosc -f d-galactosc. 

Maltose 7 „ d-glucose +d-glucosc. 

From these facts it is plain that arabiose and maltose are more 
or less similarly constituted, being fprmed from two molecules 
of the same aldopentose or*aldohexose, and also that lactose 
and melibiose are stereoisozneric forms of one and the same 
disaccharide. * * 


20 
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l \ 

Again, it is found that, of these sugars,' cane-sugar docs not 
reduce Fehling’s solution until after it is hydrolysed, whereas 
arabiose, lactose , mclibiose, and maltose induce A immediately? 
Similarly, cane-sugkr does not exhibit polarjmetrie mutarotation, 
whilst the specific rotation ofethe others alters in each case until 
a constant value is finally attained (as with rf-glucose, p. 256f. 

Moreover, •cane-sugar does not react with phenylhydrazine, 
although the others form monophanylhydrazoties arid mono-osKZoties 
just like the monosaccharides. 

All these facts point to the existence in the disaccharides other 
than cane-sugar ol a free aldehyde group, whilst in cane-sugar 
the carbonylic radicles of both d-glhcose and r/-fruetorie have 
disappeared. * 

In other words, in flic cit’se qj cane-sugar, the union of the 
two constituent monosaccharides is effected by condensation of 
the hydroxylic forms of the carbonyl group in each mono¬ 
saccharide ; but in the other disaccharidcs, the condensation 
must Jiav; taken place between the (hydroxylic) aldehyde group 
of one sugar and an alcoholic hydVoxyl radicle from the other. 

Finally, all the hexose disaccharidcs yield octacetyl-dimv&t\vns, 
so that they must be formulated as 0 1;J fT n O ;; (OH) s . Of the 
remaining oxygen atoms, one is utilized in foriiiing the ethereal 
link between the constituent mousses; the other two must be 
supposed to occur in internahanhydride or lactide-likc formations. 

It is nevertheless impossible from the above* data to define a 
stereochemical formula for each of the disaccharides, since there 
is a super-abundance of free hydroxyl groups which may outer 
into the ethereal or anliydridc-ldm structures. 

Based‘on various (usually involved) specific reactions of each 
sugar, different constitutional formulas have from time to time 
been pul forward for the above disaccha^jdes. Many of these, 
however,care conflicting, and it is still uncertain as to which of 
the numerous guesses is likely finally to prove correct. 

We may give two forimjjoo each for in-sugar and for lactose, 
. proposed by Tollens ‘and by Emffc Fischer, two of the^foremost 
authorities on the carbohydrates ; * 
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"CH.> 
HO.H 
HO.H , 
\ H.OH 
\HO.H 
\ CH— 



CH a (OH) 
HO.H 
/ .H 
/H.OH • 
0< HO.H 


^ CH.(OH) 

.H 
HO.H 
^ II. OH 
C 

—O * CIL(OH) CH—0 

ToHens. # E. Fischer. 

Cane-sugar. 

CUM OH) • CH a (OH) 

HO.H ‘ -.11 

11. / HO.H 

' Tl i\ 
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CH 2 (OH) 
ho.ii/ o 

H.OH/ 
^CH^(OH) 


O: 


CH.(OH) ,-C1I.. 

HO.H i HO.H 

/II. JHMI 

If.OH ! Il.tVl 

IlO.Il | HO. 1L 

-CH-O CHO 


II.011 
Oslio.lf 

C1I- 

LaC’iuse. 


-O 


/ 


H.Oll 
110.11 
CHO 


Many attempts have been made to synthesize one or other of 
tlie disaccharides hy condensation ol # t r arious derivatives of tUe 
two uumosacoharidcs concerned. Nearly all of these have proved 
quite fruitless, except in the case of two, cane-sugar and rnelibiose 
(and it is not ccitain even in* these cases that the resulting sugar 
is .completely identical in all respects with the natural coil (pound): 

(i) Marchiew.ski (1890) submfiled potassium d-fruetosaie (a compound 
analogous to those of glucose with baryta or lime, etc.) to the action of an 
alcoholic solution of acetocMoro-d-glucosc (p. 209) and obtained a mixture 
of di,saccharides which was believed to contain cane-sugar. 

(ii) Fischer and Armstrong (1901) similarly obtained rnelibiose from 
d-glucosc and (i-acelochloro-d-galtlciosa . 

The hydrolysis of the disaccfliarides, which is best effected 
chemically by beating with dilute sulphuric acid, is also caused 
bv numerous enzymes, some of which go further and decompose 
certain of the resulting monosaccharides int<f alcohol and carbon 
dioxide (or other products}, whilst others only promote the 
hydrolytic change. 

Emidsin, diastase, ayd zymase belong to the first class, whilst inner tasi 
(in yeast), ptyalin (in saliva), and pepsin (pancreas) belong ^o tho purely 
hydrolytic enzymes. 

The disaccharides b ; ch contain £ free aldehyde group can be 
oxidized by chlorine wat# to corresponding monocarboxylio 
acids *> 

C ll H 13 0 2 (0H) 8 .Cn0- P OjifTwOatOHVCOOH. 
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These are termed ' bionic acids , and, when neated with dilute 
sulphuric acid, they yield a mixture of a monosaccharide and a 
monosaccharide monocarboxylic acid. «V * 

Vi 

4 

For example, maltose oxidizes to rnaltobionic acid, yhich can be hydro¬ 
lysed to d-glucosc and d-glucorfic acid : lactose and melibiose givo rise*re¬ 
spectively to lactobiovic and melibionic acids, both of which yield d-yluconic 
acid and d-galactosc upon hydrolysis, showing that in each of these sugars 
it is the d-glucosc half of the molecule which contains the aldehydic residue. 

The following table gives the chief charactQKotics of the disaccharides : 


Arabiuse 

Cane-sugar 

Maltose 

Lactose 

Melibiose 


M.v, 

C l(l Hih0.i Amorphous 

CjJWJ,,' 10 <r 

Cj.jH.rtO, |,Hj() AVnorphous 
Ciolf^OjulljO ’ 20.V- *\ 

CjaH-.jyO,, Amorphous -f 


r 

Ocla relate. 

OLazeme- 

L ft li> 

M.p. 

M.p. 

1 200 1 

— 

— 

-1 Glr- 

5 07 “ 


f 137° 

150° 

200° 

02 ' to -|- 

3 

5 

iTZ 

200° 

100" to -| 

143° 171° 

r 170° 


The omzones of the biases interact with bcnzaldehydc, so that bcnzalde- 
hyde phcuiylhydrazouc is formed, together with the corresponding, osonc. 

(C l(J H 1( ,< >„). C( : N.NH. C,. 11 5 ). Cl 1 (: nTn H.C„ H,) ! 2C.Hj.CHO 
-2C«H 0 .CH:N.NH.C a H 5 +(C w H„,Oo).CO.CHO. 


Cane-sugar (or saccharose) occurs abundantly in the, American 
sugar-cane, in the sap of many otiter trees, and also in many 
vegetables, notably the sugar-lAjet, in which it was first found by 
Marggraf in 1747. At the present time the beet-feugar industry 
competes successfully with tho older cane-diigar plantation 
method. It is carried on mainly on the* Continent, although tile 
sugar-beet is beginning to be cultivated now in England. 

Cane-sugar is of prime importance for the alcohol" and spirit 
industry, in addition to finding enormous use as a sweetening 
principle in culinary operations. The details of its purification 
for the latf&r purpose, and of its conversion by fermentation to 
spirit of various kinds, are given in dietnentary and other text¬ 
books, and do not concern u# so much here as does its chemical 
behaviour, which will accordingly j&ceive the greater share of 
attention. 

When cane-sugar is liydroiysed, the specific rotatory power 
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changes from [a]^ -f-66'5° to the meafl yf those of rf-glucose 
(+52-5°) and d- fructose (- 93°), i.v. |>] 1( = - 21°. 
i The resulting equimolcoular mixture of d-glucose and d-fruclose 
is called “ invert-sugar ,” owing originally to f tlie fact that the sign 
of the rotatory pofter has changed. 

• It maj be noticed in passing that invert-sugar frequently* 
accompanies cane-sugar in nature in many fruit-juices, especially 
in |he over-rige condition. 

This change in rofti|ion on hydrolysis (or inversion, as it is 
usually termed in the case of cane-sugar) can be applied to tlie» 
estimation of cane-sugar, either alone or in the presence of other 
sugars whose rotatory •powers* remain constant (i.e. of mono¬ 
saccharides). a 

The rate of hydrolysis of sugar solutions has served a» a 
favourite theme for researches bearing on the law of mass-action, 
or upon the relative effects of different acids in promoting 
hydrolysis (Wilhelmy, Ostwnld, etc.). 


w ‘ 0 

Maltose (or malt-sugar) does not occur as such in nature, but 

is obtained in the fermentation of starch by malt. 

Lactose, (or milk-sugar ), on the other hand, is found in the milk 
of nearly all fnammals, but docs not occur to any extent in the 
vegetable kingdom. It is j>nc of the oldest known sugars, atten¬ 
tion having been called to it as garly as 1615. 

Finally, mdibiose is an artificial disaceharidc, in so far as it is 
a partially hydwriyscd form of the naturally occurring trisaccharide 
raflinoso .; and aralriose* the pentose disaccharide, like its hexose 
analogue maltose (cf. p. 311), is found as a fermentation product or 
acid hydrolysis product of arahinic acid, a polysaccharide or starch 
of' the pentose scries (p. 312). 


II. 1 HE TrISAPOHARIDES 

Tlie most important trisfcccharicle is ififfinose, a sugar occurring 
in cotton-seed flour and in certain varieties of manna; it pos¬ 
sesses the formula C 18 H 3a 0 16 , and%pon hydrolysis yields d-fructose 
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and melMose, the laftei' by prolonged hydrolytic action decom- 
posing into d-glucose and d-galaclosc, as already shown. 

Raffinose crystallizes with five molecules oi water of crystalliza¬ 
tion, and in aqueous solution has [a] r ,=4-ldh°. It does not form 
phenylhydrazone, but yields a dodecacetate, C ls H. J0 O 4 .(O.CO.CH 3 ) 1 . J , 
r which is a low melting solid [a],—4-100°. ' « 

Rhamnwose, ^ ls TT 3 o0 lp is a pentose trisaccharide, found in the 
glucoside xanihorhmnnin, which melts at 140° and has the opccjfic 
rotatory power fa]„ ~= -41°. On hydrolpjs it gives one molecule 
of d-glucose and two molecules of rhamnose. It is not easily at¬ 
tacked by ferments ; it forms an odacetute, m.p. 95°, and a Very 
soluble osazonr. * c . 

By gentle oxidation it forms rhamninotrinnic acid, C] H H ? ,0,-, which is 
of interest because it is a trisaccharide moyobusic add exactly corresponding 
to the disaccharide monobasic ladtobionic or mallobionic acids^ or the 
monosaccharide monobasic acids such as rf-gluconio acid. 


TU. Thr POLYRACf IIAUTimS 

The pnh/saccharidcs are not so closely connected with the lower 
f saccharides as the latter are with each other. They are colloidal 
compounds of great molecular weight, belonging to both the 
pentose and hexose series. Nothing is known of their internal 
structure, and the difficulty of Unravelling even the outlines of 
their structure is increased by the fact that all of, them, pbntose 
derivatives as well as hexose derivatives, possess the empirica 1 
formula C l5 TT l0 O. ( . 

On boiling with water or dilute acids, the polysaccharides 
break down into monosaccharides, and as a general rule only one 
simple sugar is produced by the hydrolysis of .any given 
polysaccharide. 

* We must restrict our attention, then, to the classification of 
the polysaccharides by means of their decomposition products, 
and it may be noticed that the most ^prominent workers in* this 
field have so far been Tollens, O’Sullivan, and especially Cross 
and Hevan. 
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• • • 

There are three rmftii classes of polysaccharides— starches , gums, 
ami celluloses. - 

• ' m 

The starches occur in vegetable aiul animal cells in gr«Ut quantity. The 
various starches which fan bo distinguished individually do not, however, 
■ possess all the characteristics of a trijp homogeneous compound. Thus 
inotft starches are partly soluble in and partly insoluble in water, and it is 
not definitely known whether these two parts represent distinct cjicruical 
individual or whether the soluble (grannlose) and insoluble {starch cellulose) 
portions corrcsp<5Silt"!simply A to the soluble ( hydrosol ) and insoluble (hydrogel) 
forms of the same colloid. 

The molecular magnitude of the starches is also uncertain, but it is 
probaifly well over 30,000. 

Both the granuloses and smirch celluloses form characteristic dark bluo 
colouring matters with iodine. 

Most starches are fermentable by varieties of tlf’e enzyme diastase to 
disaccharides, amongst which niallgse occurs^nost. frequently. # 

On tlu^other hand, prolonged heating* with water produces first a yum, 
and then this substance is further hydrolysed to monosaccharides. 

The gums, besides being intermediate products in starch hydrolysis, 
occur in«i:« u iiro themselves, chiefly in the vegetable kingdom, either in 
the plant-sap, or in the form ojj exudations on the surface of*flic stem, 
leaves, or flowers. 

The gums are colloidal compounds which dissolve easily in water, but, 
are insoluble in alcohol. They are fermentable by diastase, but not by 
zymase, iuvertaso, or enudsin. take the starches, t hey show option! activity, 
Imt presumably contain no free ghleliydic groifp, since they exert no reduc¬ 
ing action on ammonia cal silver or cojiper solutions. 

• 

The celluloses r lire slightly more definite in character, and yield various 
derivatives of a nfare or less workable character. They occur in nature 
a? the chief constituents of the walls of the plant cells, and are amorphous, 
but not so gelatinous as the starches or gums. • 

'they yield li.exac.ehjl derivatives, so that their molecular formula most 
be a multipfe of at least rather than 

Tlio hexacctafes are thus C.J l .,H ll 0 4 (t>.C0.C!H j lti. 

The esters of cellulose and nitric aeid arc very important tn-hnically. . 

(tan-cotton is essentially cellulose hexaniirate, C-7_iH l( Oj(f>.N(and 
this, when fused with camphor, yields the. inflammable ami exceedingly 
dangerous horn substitute termed celluloid. 

Culltj&lon is a solution of cellulose. m lctranitiate, ( ,,.,If,,,0 (1 (().NCA,) 4> in 
ether-alcohol, and finds application in the covering of photographic films. 

The celluloses are Hot so readily hydrolysed as the starches, but, like tho 
latter, ultimately break down into d© 3 %rine, aiyl then into monosaccharides. 
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• t , 

We may therefore depict the relations^oNithe polysaccharides 
to the monosaccharides somewhat as follows :— 


Starches 
(C'«H l0 O 5 )» 


Jr 

Maltoseb 

CiaHajOji 


Celluloses 

(<WU- 


Dextrtnes ^ 

'(C.H,«U 3 K 




-, —^ iVlONOSACCIIARlhlS 

C t Hi2C # or C b Hj 0 Oo- 


We may illustrate the further detailed classification of the 
polysaccharides by quoting a very * few of the best-known 
individual membem. 


POLYSACCHARIDES 

I 

A. Pentose. Derivatives . 

f • 

4 » 

l. Starches. Not well know iV. 

//. Celluloses ( Furoids). Derived from, 

Cereal-celluloses In cereals. ArabiYiose and xylose. 

Ligno-cellvloses. 1 u< wood-libi e. # Arabinose and xylose. 

IH. Gums (Pentosanes). *«. 


Pectinic ( Arabinic) acid. Apple and ehcrry-jnicc. 

/-Ar/ibinose. ‘ 

tieechu'ood yum. 

Beeches. 

/-Xylose. 

Cherry-gum. 

, Cherry-trees. 1 

% 

/-Arabinose. 


B. IJexose Derivatives 

r 

I. Starches. 



Starch. 

Most plant-cells. 

• 

d-Glucose. 

Glycogen 

Most animal-cells. 

d- Glucose. 

Lichenin. 

Mosses and lichens. 

d-Glucose. 

Innlin. 

Dahlia, <g>otuloes, and 

d- Fructose. 


' many Solanacece and 



Composites. 

!■ 

Mannin. 

Yeast., 

d-Mannone. 
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II. Ouma (Glucosanetf. 

Dextrine. 

% Oum arabic. 

Mannanes. 

Oalactanes. 

Fructosanes* 


Many plants, glue, etc. d-Glucose. 

# Various plants. d-Galactose. 

•Yeast, sunflowers, dan- d-Mffnno.se. 
delions, chicory, etc. • 

Luccrn, lupins, and ot her d-Galactose. 
Leguminosoe. * 

Sugar-beet, etc. d-Fructose. 


• j 

Many gumi. <fcfifife4lCpn found to give mixtures of two or more monosac¬ 
charides on hydrolysis, and, arc therefore classed as, for example, gluco- 
mannanes, galacioman nones, mannojructosanas, ete., etc. 


Ilf? Celluloses. 


Qlucotdlidoses. % 

d-Glucose. ' 

Mannoedluloses. 1 

Plant and wood fibre. 4 /-Mannose. 

FructoccIlvJoses, f 

d-Fructose, 

etc., etc. J 

etc., ete. 
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THE TER PENES: 

GENERAL CLASS!LIGATION AND CHARACTERISTICS 


T HE latter half of the present booh gives some accoifht of 
various classes of organid compounds mot with in the 
vegetable and animal kingdoms ; we have in turn reviewed : 

* (i) The alkaloids found* in plant juices, and derived for the 
most part from heterocyclic nitrogen bases. 

(ii) The purines, or uric acid scries , which occur both in plants 
and in animal tissues, and contain* the heterocyclic pyrimidine 
nucleus Jor may be viewed alternatively as condensation.pr ducts 
of urea). * 

(iii) The proteins , which are mainly animal products, and are 
complex condensed aliphatic aminoacids. 

(iv) The sugars and starches, found in both animal and vege¬ 
table realms, and compered of polyl^vdric alcohol-aldehydes and 
-ketones. % 

This series of naturally occurring substances remains to be 
completed by a description of the important, class of* hydro- 
aromatic compounds known as the terpencs. 

The generic name of these bodies is due to the fact that the 
oils from most of the pines and firs ((\)ni,feres ) are largely made up 
of mixtures (turpentine) of various hydroaromatic hydrocarbons 
ei the formula G ]0 H |(J . . 

Many otl^er plants, however, contain notalTle quantities either 
of these hydrocarbons as sucji, or of their oxygenated derivatives 
(alcohols, aldehydes, and ketones); this is especially trug. of the 
Citrus or lemon species, antf of th# great botanical orders of 
Composites, Labiates , and Lauracecs. • 

A variety of methods «re allied for the technical preparation 
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from the plants of t-lr “ Essential oils,” as thTy.are termed, which 
form ttic concentrated extract of terpenes and other compounds, 
bi some cases,•such as 4hat of turpentine, the oil ^tself is exuded 
from the bark of the trees containing it, especially upon incision at 
.suitable stages of the* growth ; generally, however, the plants or 
shrubs are macerated and then either heated in a current of 
steam, or pressed by hydraulic or other power, whereby the oils 
are s<£p5t f *^^ ^orp jtlie cellulose and other constituents of the 
plant fibre. 

Different oils, too, arc frequently found concentrated in different 
parts df a plant; thus turpentine, as already stated, is found in 
the bank of pines, firs, larches, et(?.; citral, the chief constituent 
of oil of lemon, is derived mainly from the und of the fruit; 
the essential oils of thyme, lavendev, chamomile, and many other! 
Composites and Labiates occur Thiefty in the leaves and stems of 
the plants; and orris oil , containing the essence of violet perfume, 
is most profitably obtained from the rhizome or tuberous root of 
the violehiJant. 

From a chemical standpoint, it is to be observed that fnost of 
these naturally occurring compounds are derived from or are 
themselves hydrocarbons of the composition (l| () ir i(i . Many of 
them—indeed, practically all the hydrocarbon members—are 
liquids, a smaller proportion ^of the oxygenated derivatives) are 
solids; all the terpenes are characterized by distinct and, as a 
general rule, pleasant odours, and therefore they find wide implica¬ 
tion in perfume y«of all kinds. 

The terpen e hydrocarbons usually boil at about 100-180° C., 
and, although hydroaromatic derivatives, are usually not fully 
hydrogenated. They arc thus capable of adding on two mono¬ 
valent groups ; for example, they unite with : 

(i) Bromine yielding on pi pounds such as O 10 H ]fe Br.., or (! J(l ll| (i Br 4 . 

(ii) Hydrogen bromide „ „ „ C lfl tJ,„,HBr; oM? J(( H )fit ‘2HBT 

(iii) Nitrosyl chloride ., „ „ ' C 1(i H l(l ,NO(’l. 

(iv) Niltmjen trioxide. „ „ C ]0 H J(i ,N L .():i. 

• 4 . • 

In general, too, these hydrocarbons are very readily oxidized, 
thereby producing a number of 4h*y diverse alcohols, ketones, 
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and more or less pofnplicated acids. Mail}* of the tcrpencs can * 
be ultimately oxidized to tcrephthalic acid, a reaction which bears 
out their intimate relation to the benze^ic seriesr A still mo*e 
general reaction wjpich proves the same fact is the transformation 
of many tcrpencs, by suitable reagents, to" the aromatic hydro-, 
carbons, p-cymcnc and m-cymcnc (C 10 H 14 )‘, or to the phenols 
thymol and cqrvacrol (C 10 IT l3 .OH, both derived from p-cymene). 

On the other hand, whilst many terpenes undosd*todly con¬ 
nected directly with the cymenes are evidently simply derived 
from the partially reduced aromatic hydrocarbons, others (equally 
readily transformed to these aromatic compounds) contain two 
hydrocarbon rm#* £uavd or “wmioalad ” together, in much the 
wine fashion thjvt naphthalene is composed of two annealed 
• benzene nuclei; and, again* another class of terpenes do not 
possess a cyclic structure a i all*although frequently these'also 
may be easily converted to both monocyclic tcrpencs and to true 
aromatic compounds. « 

Moreover, the terpenes derived from the hydrocanbqps 
are not the only members of the, group. Certain related sub¬ 
stances of the formula (J ]r Th M are also known, and also one or two 
of the composition O„ 0 T1 u 2 , whilst the important class of natural 
substances known as the resins or aromatic gums are related to 
the “ true ” terpenes #,in somewhat analogous fashion to the 
relation of the starches and celluloses to the sugars (cf. chap. xvii. 
p. 310). In other words, whilst! we have the simpjer hydrocarbons 
corresponding to molecular formula* (C ; TT S ).„ (C f TT s ) 3 and (C P| If 8 ) 4 , 
the resins arc expressed .as (C r> lT s ) x , their molecular magnitude 
being unknown, bfit certainly very great. 

All the terpenes may thus be regarded, for purposes of classifi¬ 
cation, as ])olymeridcs of a simple hydrocarbon of the formula. 

..C t ;Tr s . (The hydrocarbon in question is termed isoprme , and is 
dealt with on p. 35-1.) The usual system of classification of the 
terpene hydrocarbons is therefore as follows :— 

TIemiterprnes, C s TI 8 . Not found in nature. 4 

Terpenes (C 5 H s ) 2 =C 1( ,IT lfl . The largest class of natural 
terpenes. m 
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Subdivided into # * . 

Monocyclic terpenes (containing only one carbon ring), 
j Dicyclic teityenes Containing two annealed hydrocarbon 

ring-systems). • 

Olefinic terpenes t (open-chain compounds). - 
• • 

Sesqujtbrpenks (C & H s ) 3 =C lr) H 24 . Less numerous. 

(Ck H= C 20 H ; ., 2 . Very little known at present. 

Polytekpenes (C 5 Ii s ) x . Resins and incliarubber. 


Majiy of the transformations of the different monocyclic terpene 
compounds related to the oymenesare so intricate that it is especi¬ 
ally important in this case to have the assistance of a clear and 
concise system of nomenclature. The jfenerally accepted plan i» 
to Consider all these terpenes Tis uusatur.Ued derivatives of the 
hexahydroeymenes or mcnthancs , as they have been termed. 
The specific relationship to f- or m-cymcne is then indicated 
by the ij£»il prefix (p- or m-) } and the degree of unsaturation 
(a*id also, if necessary, any # substituent radicle) is deAotcd in 
accordance with the “ Geneva ” nomenclature. Thus we have, 
for instance:— 


CHa 


CH»-CH, 


CHf-CH, 


/-MemAanc 

• (He\ahj dro ji Cj mi'Tic i 


c 


* XJH—CH 
CH.-ff >-Ch(0H ^ 


CH.—CHa 


One ol theyS-Mcmludimci 


The position of the unsaturated linkings or of substituents is 
indicated by prefixed numbers referring to flic carbon atom of 
the mcnthiyie nucleus in accordance with the following scheme :— 



Thus the above unsaturated hytlroca/bon is termed A 
menthadiene, it being generally sufficient to specify only One 
carbon atom in each double union# ♦ 
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The constitutions oi the terpencs have*rccdlved much attention 
during the past thirty years, the bulk of the work done relating 
to their decomposition under a most extended variety of condi¬ 
tions. The chief «workers from this point of view have been 
Baeyer, Wallach, Wagner, Semmler, and Tienjann, though nume-' 
rous other names might well be included here. f *’ 

We may indicate very cursorily some of the main types of 
reactions which have been utilized in eluci^yuct#ire of 
the terpencs. 


I. Oxidation. „ 

fl n 

r riic behaviour of iho terpencs (o oxidizing agents lias probably proved 
r uioro useful Ilian any oj^icr chemical reaction. The chief oxidants 
employed have been : , 

(i) Ozone. Harries has shown that an cthylenic union absorbs ozone 
with the formation of “ ozoaides,” which on treatment with alkali or other 
suitable reagent break down into a mixture of acids : 


c ^ch B , 


0H- W 


OOOH COOH 


(ii) Hydrogen dioxide or ice-cold aqueous l per cent, solution of potassium 
pennamjanulc introduces two hydroxyl groups into an otlieno'd system : 


—CH=CH— 


»CH«OH)“CH<OH)— 


(iii) More eonoentrated aqueous potassium permanganate usually 
ruptures the elhcnokk bond and produces a .dicarboxylic acid, a ketonio 
acid, or other products of the same or less carbon contont as the original 
unsaturated subsatnee, according to the nature of tho groups adjacent to 
the double linking. 

Jii;) Nitric acid generally (but not by any means invariably) exerts a 
more disruptive effect than permanganate, and cui ^es a terpono molecule 
to broak dowyi into a number of simpler aliphatic or aromatic acids. 

II. Addition reactions. u • 

# 

The ad ition products of unsaturated terpencs with halogens or nitrosyl 
ehloride have frequently proved useful in determining the relationships 
between the terpenes. 0 ^ 
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(i) Halogen addition products. * , 

(a) The added halogen may sometimes be removed by the action of 
^potash or aromatic bases, inch as aniline or quinoline, leading to compounds 

<• !•/» . J.*J ._i!__ ^ 


of different constitutions 


’ CH CH — CH CH ~CHo-CH.j-CH'Br-CH., —ClL,-CH.,-CJt 


CH- 
C1I -CH - 


(b) Occasionally the halogen may be removed by Ire.ttniont with zinc 
dust and accEi^v total effect being to saturate the original cthylcnic 

union : 

Zu 

-CH <Cli -CH-CH.. —-C1L-CIL-CU Hr-CH^ —> -CU ,-CJIj-CIl..-Clf a - 


(r) Jn deciding the constit»tion of*a monohalido addition product, the 
" Markownikow rule ” has often proved very useful. This states that in 
such cases the halogen atom attaches itselfthe carbon atom, which js 
already directly united with fewe,s'# hydrogen adorns. Thus— 

• -m ~ 

CH a \ * - -CH ;j CH ; \ ,011 : . 

C-C -> Clir-CH...C1I, not ( CU-CUlir.CH 

C-Jh/ \II g,h 5 / • - \ C,H-,/ 

a 

’s(ii) Niff 091 /I chloride addition jtrodnds. %* 

h'itrosyl chloride unites additfvely with an ethenoid bond, forming a 
compound of the formula illustrated below : this compound usually exists, 
however, not as a niirom -, but as an wma/mso-dorivative, as shown. J?y 
suitable treat men ►(red notion, oi elimination as hydrogen chloride by means 
of a base), the chlorine atom is removed or replaced by hydrogen, and there 
remains the uxime of a ketone :-*• 


\ CU-WL> -tlHCl-CH.NO 
/ Cfdoron iiroso 

. • compound^ 


CHCI-C(:N.OJl)— ^ 
(Jhloro ison i trow 
compound. 


—CJ-l a -C(:N.OH)~ 

Oximr ^ 

-OIL-CO - 
Ketone. 


It may be .remarked that the oxiiucs of the terpeno ketojies have been 
found exceptionally serviceable in constitution-determination, since they 
are markedly reactive, and undergo numerous transformations, as \Pffl 
appear from the speciiic examples cited in the following chapters. 

III. Dehydration. ' 

(i) Many oxygenated cyclic terpenes ire rearranged, with bss of ono or 
more molecules of water, to aromatic compounds, by the action of deln-^rat¬ 
ing agents such as phosphorus pentoxide, potassium hydrogen sulphate, 
zinc chloride, or glacial acetic acid ancraulphuAc acid. 
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(ii) Similarly, the njilder of the dehydrating agents mentioned convert 
some of the oxygenated olefinic or non-oyolic terpenes to derivatives of the 
monocyclic series. 

I 

IV. Physical characteristics. 

Of late years the advance in our knowledge of 1j)ic relations between 
chemical structure and such properties as moleoular refractivity, magnetic 
rotatory power, absorption spectra, and heats of combustion has been so 
great that tlic.se are becoming of frequent assistance as s ubsid iary? ^aids to 
chemical proofs of the constitution of the terpcn^ r v«S*VtirSsofmaiiy 'other 
types of organic compound. 

It may also bo mentioned hero that nearly all tho natural terpenes 
contain asymmetric carbon atoms in their-molecules, and so are frequently 
found to exist in optically active forms. A? a general rule, only one form 
(dcxlro- or /(cw-rotatory) is found in nature, but there are several exceptions 
to this, such as limonenc, C ]0 li J6 (which occurs in dexlro -, Icevo-, and racemic 
varieties, the latter being known as dipentene), and camphor, which is also 
found (in different plants) in boJi optically active forms, as is also its 
reduction product, tho alcohol borncol. 

Synthetic reactions have also been applied to the terpenes, the 
first serious efforts being due apparently to Baeyer. Late 1 *, 
Haller, Klagcs, and Komppa succeeded in synthesizing a few 
terpene derivatives such as menthone and camphor, but until a 
few years ago it was difficult synthetically to prepare compounds 
of the hydroaromatic series containing such a relatively complex 
group as the isopropyl residue present in the cymenes. 

Two new reactions, however, have come to light which are of 
the utmost value in this connexion 

(i) The direct hydrogenation method of Sabatier and Senderens, 

whereby an aromatic derivative may by reduced to the hydro¬ 
aromatic condition by passing its vapour, mixed with hydrogen, 
over reduced nickel at 250°. ‘ 

(ii) The synthetic application of the “ Grignard reagent ” 

R 

/ * 

(magnesiurfi! tnkylhalides, Mg ), by n^cans of which alkyl radicles 

such as methyl or isopropyl may be introduced at will into practi¬ 
cally any compound containing a ketonic, aldehydic, or carboxylic 
group at a suitable position in^he molecule. 
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The last method *ls proving exceptionally fruitful in the hands 
of Prof. W. H. Perkin and his co-workers at the Universities of 
Manchester and Oxford. • 

Before commencing the detailed description of the individual 
classes of terpenes,*it may be found instructive to view in tabular 
form a fetf of the chief sources of some of the pioro common 
hydro&cmatic derivatives. 
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CHAPTER XIX 

MONOCYCLIC TERPENES (DERIVED FROlVf v 
p-MENTHANE OR FROM wi-MENTFIANE) 


I. Some Saturated Oxyderivatives op p-Mentha&e 

• * , 

T HE constitution of the unsaturated hydrocarbons of the 
p-menthanc series ydiich, form so large a proportion of the 
naturally occurring turpentine oilsf and resins has been determined 
mainly by means of the properties and transpositions' 5 of their 
numerous oxidation products, of which the alcohols and ketones 
are the simplest and most nearly related compounds to the 
terpenes themselves ; it is therefore well to consider these first.’ 

The two simplest* of various monohydroxy-p-menthanes dan 
be represented as follows :— 


CHj 

A 

CHa CHa 

I i 

CH a CH* 
CH 

CHj* Ah.CH 3 


Menihane (hexahydro-/-rymenc) 


CHa CHa 

*CH, 1h«OH) 
X CH 

CHj. 6 h. CHa 
(A). 



CH, CH(OH) 

I 7 

CH, CH, 

■ ^ T 

SH 

CHj.CH.CH, 

<B) 


Now l-menlhol, 0 1() Ho 0 0, which ic found plentifully in various 
species of mint (especially pepper- and horse-mints), 1 has a com¬ 
position corresponding to that of a vnonoxymenihane, and, more¬ 
over, it can be transformed by a series of reactions to thymol, the 
phenol of tiie composition— 
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When oxidized J>y chromic acid, Imcnlhol yields l-menthone, 
which also occurs in the oil from peppermint, and the constitu¬ 
tion of whi#h has been definitely shown by the following 
reactions:— * t 

(V) When oxidized*by permanganate," (S~m^lhyladipic acid (I) is produced, 
ana this acyl could only result if the methyl- and isopropyl-radicles in 
menttycmc were in para-positions to each other. • 

(iiV When bromigiated in chloroform solution, a dibrommenthone is formed, 
and this upon heating with quinoline loses two molecules of HBr and 
becomes thymol (II). 

(iu) Synthetically, it was shown in 1905 that distillation of the calcium salt 
of (synthetic) /if-methyl-aMsopropylpimelic acid (HI.) produced menthone, 
which* must thorefore reccive*the formula IV.: 




CH 

CHz»COOH 


CHa 

CHa 

C*OH 


9Ha 



CHa. CH. CH, 




* 


• 

✓ V 

CHa CHa.COOH 

CHa^COOH 

CH 

CHa- CH.CHj 


Sf 

✓ -V 

CH, CHa 

I I 

CH S CO 
\ / 

CH 

CH 3 .CH.«H a 


Since menthol is produced by alkaline reduction of menthone, 
the constitution of menthol must correspond to formula (A) on 
p. 324, so that the compound is hexahydrothymol. 

The isomeric substance of formula (11) is also known, and is 
called telrahydxpcarveol ; it is an*oily liquid which we shall meet 
again later (p. 349) when dealing with the ketone carvone. l-Menthol 
is a crystalline solid, melting at 42°, and possessing a very char¬ 
acteristic smell. It forms ^crystalline esters with numerous 
organic acids ; we may mention the benzoate , m.p. 55°. 

It will be noticed that whilst menthol contains three atomic 
centres of asymmetry, its oxidation product, menthone, possesses 
only two. Consequently, whilst /-menthol, fa] t> — -48°, when 
oxidized yields /-menthol [a] n = - 28°, the reduction of the 
latter qpmpound produces two optically isomeric menthols, 
owing "to the production of *he Icevo- and* dextro- forms of tv new 
“ asymmetric carbon atom.” 

Moreover, the asymmetric atomfrin msnthol and menthone, as 
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in many other bodies* of the hydroaroma'tic group, appear to be ‘ 
very labile, so that it is often difficult to preserve the optical 
homogeneity of ( these compounds in many of their reactions* 
Thus the Z-mcnthoAe formed by oxidation of Z-menthol- is com¬ 
pletely “ inverted ” by cold sulphuric acid to d-menthone , [«]„= , 
+28°, whilst when phosphorus pcntachloride is warmed with 
Z-menthol, a njixture of at least three optically isomeric menthyl 
chlorides results. r * % 

When the oxime of menthone is reduced, a mixture of two 
• optically isomeric mrnthylamines is formed. The bases, which 
can be separated by fractional crystallization of their acyl deriva¬ 
tives, are strongly alkaline liquids. « . 

We have drawn, attention to menthol and its nearly allied 
compounds not so much for tlieir intrinsic importance, as because 
they form a more self-contained ‘group of derivatives than <ihe 
majority of the terpene bodies, whilst in our dealings with the 
latter we shall repeatedly encounter reactions of a precisely 
similar character to those described in this and the*'following 
section, which is given to a description of some monoethyleidc 
derivatives of p-menthane. Before proceeding thereto, we will 
illustrate diagrammatically the connexion between p-cymene, the 
above-mentioned mmJ/wZ-derivatives, and the »closely related 
isomeric series—the tclr/ihydroearveol type—whose constitutions 
cannot be explicitly determined without reference to a number 
of other more complex terpenes \cf. pp. 335 el seq.) ‘.— 


CHj. yj-CaHj 

S CH~CH 

Thymol 

CHj.C . jC.C,Hr 
t ! H=CH 

/•Oymenc. 

t 



- 


CH a -CH(OH> 

Menthol. 

CH»CH ^CM.CsH> 
'cH a —CH, 

I le\j!i>dro-^-rj nane 
/-Mentham, 

10 H)CH—CH, ' 
CHj-CH 

CHjt *CHi 
Caupmcnthol 
TctrjhyJrncarveol 


* 

^CHa-CO 

CH,CH • jgH CaH» 
6 

Minlhoric 


« * 


I 

^CO—CH, 

OHj.C jCHJCaHa 

\ s— 

Carvonienthone 

Tetrahydrocarvone. 


GHa-fiHtNHa) 

CHfCH 

CH,-CH, 

Menlhylvmne*. 

ii 


tNH»},£H—CM, 
CH,ifiM* C»H» 

CH , 4 ‘<*H» 

Carvomtnlliylainlne, 

Tclrahydrocarvyhnuacti 
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II. Some p-Menthene Derivatives 

; * 

There are a nun^ber of possible isomeric fbrms for the inono- 
ethenoid hydrocarbons, C 10 H lg , eorresponding • to p-meuthane ; 
onh of thege unsaturatcd hydrocarbon's, menthevc, is formed when 
menthol is carefully dehydrated. Knowing the ^constitution of 
menthol (I), we see that menthcne may be formulated either as 
Ila or lib. We can decide between these formul* as follows :— 

• 

(i) Permanganate oxidation of mentliene leads finally to /3-w ?ethyladipic 
acid 1(IIIa), so that mentheiJk must be 11a, since oxidation of lib would 
produce a-methyl-aMsopropyladipic acid (Illb). 9 

(ii) Tliis structure is confirmed by tljc reunion of menlhene with hydriq^ic 
ac : d, when an iodomenthane is produced whiclyin presence of silver acetato 
furnishes an oxymenthane, identical neither with menthol itself (1) nor with 
tetrahydrocarveol (1 Vb), which is the only likely alternative from the 
isomcridc lib. The new alcohfhl must therefore be represented as IVa, 
and is ly^own as tertiary menthol. 

t • 



(iii) Menihene vtfk synthesized from /i-eresol hy VVallarh in JUOfl; the 
vapour of p-cresol, when reduced hy hydrogen in presence *>f nickel, yields^ 
a mixture of 1,4-methyloyclohexanol :;nd 1,1-metbyleycloboxanone ; th# ' 
latter substance condcnscij with ethyl a-bromoisobutyrato in presence of 
zinc dust to the ester of an afkl whieff, by Uss of G(h on heating becomes 
tertiary menthol ; this compound reverts to menthcne when healed witlft 
sulphuric acid:— 
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CH, 

CH^bH 

CmOH> 

/trcsol 


pH, ' 
CH - 
/ \ 

CH a CH, 

I I J 

CH, CH a 
N> CO »I 

I 4-Mtthyli irlohiix.imine. 


CH, 

/ \ 
CH a CHa 

- I I 

CHa CHa 

V 

<CHa>i-<p OH 
CQOH 

• And 


CHa 

OH a CHa 

1 I r 
CH, CH,* 

C 

Tertiary* ticnthol. 


r 

r 



6,H* 


Memhene. 

C 


Just as tetrahydLocar veol is a position-isomcrido of menthol, 
so it furnishes by dehydration a carmmenthcnc, \Uiich by sidiilar 
. reasoning to that used in the case of monthene is shown to be 
‘ constituted as follows , 


" i 

^CH j —Cii (OHI CHj-CH 

CHj.qn ^ch-CjH? »—*■ ch^Ch xj.c,h7 
CH, - CHa^ CH,—CH, 


* CHINCH—CH, 
CHi.CH JSHjCaH? 
"*CH a —CH a 

1 Iliad \f|.<X.JlVU)I 


^CH—CH a 

C^,c^ ^H.CjHj 
CHa—CHa 

i ir\ >muil!n i»r 


III. Terpineol and Allied Compounds 

91 

We must now pass on to a number of compounds more nearly 
connected with the hydrocarbon constituents of the turpentine 
oils, which latter possess in general the composition C 10 H 1(J , 
corresponding to menthadienes , rather than menthehes, and thus 
containing two ethylenic linkings in the hydrocarbon molecule. 

There are two oxyctimpounds upon the constitutions of which, 
more than of any other terpenc derivatives, depend the structural 
formuke which are assigned to the p-mentkadienes (we leave the 
w-menthane derivatives out of consideration for the present); 
the substances in question arc the alcohol ierpintol and the ketone 
carvone. W<f shall therefore devote the present section to a brief 
*study of terpineol and other aUvholic derivatives of the p-mentha- 
dienes, whilst the next wpl be given tj a description of c&vone 
iand softie jther ketonic compounds of interest in the chemistry 
of the teTpenes. 
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Terpineol, C l0 HmO, occurs in nature associated^ with the terpene hydro* 
carbons, and is also fA*med when a solid corapound*termed terpin hydrate, 
G, 0 H 2 o 0 2 , HjjO (which results when turpentine oil is shaken with cold 
and very, dilut# aqueous citric acid), is dehydrated bw means of boiling 
dilute acids; terpineol itself is also produced by leaking pinene or tur¬ 
pentine oil with very dilute sulphuric acid. It is a low-jnelting solid with 
* a pleasant smell, is optically inactive, and i# readily shown to be a mono 
hycfric alcohpl. 

% * 

Itfj,great theoretical importance lies in (lie fact that a number 

of the natural terpencs can be obtained from it by simple dehy¬ 
dration under varying conditions. When it is heated with 
potassium hydrogen sulphate, there results dipentene (which, as 
will be seen later, is closely related to the two limonenes); and 
again, if anhydrous oxalic acid is employed instead of potassium 
bisulphate, terpinolene , another natural jMiienthadiene, is pr<£ 
duced and this can be further isomerized to terpinene. 

The constitution of terpineol is fixed with certainty by means 
of its oxidation reactions, but in addition it has recently been 
obtained^ynthctically by Prof. W. FI. Perkin of Manchester, 
who has succeeded within the past few years in applying the 
Gngnard reaction to the synthetic production of many nafural 
as well as purely laboratory terpene compounds. 

Tiie study of the oxidation of the terpenes will be found much 
simplified if it is always bor^ie in mind tfiat the first product of 
oxidation of an ethylenic linking ig the result of the attachment 
of ail hydroxyl # group to each carflon atom : 



Further oxidation consists of the rupture of the remaining 
union betwecyi what have now become two adjacent alcoholic, 
radicles. u 

The intermediate hydroxy-compounds are frequently non- 
isolable, but in the case of terpineol , Vhen carefully oxidized by 
dilute permanganate or hyebogen dioxide, the first product, in 
this case a trihydroxy-p-mentnane, can be isolated, and is known 
as trioxyhexahydro-p-cymene (V). 
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Further oxidation* of terpineol leadA in succession to the* 
following substances :— '' 

Ilomoterpenylic methyl ketone , C; 0 H w Oj (IV); tfrpenylic act’d, 
C s H ] 2 0 4 (II); and* terebic acid , C 7 H 10 O 4 (C). 

Now we found in chapter iii., p. 31, that terebic add is dimethyl 
paraconic acid , and so possesses the constitution f 

CHXCOOH) 

/ \ 

(CH 3 )X CHa 

I I 

O-Co 


Tercbic acid has been synthesized by Fittig in connexion with 
his work on the paraconic acids (loc. cit.), but we may adduce a 
jecent application of the Grignard reaction by Si monsen (1907) 
to the synthesis, not only of terclfic but of terpenylic and homo- 
terpenylie acids. < 

The syntheses consist in the treatment of appropriate /J-acefyZ-esters of 
tho normal succinic-acid series with magnesium methyl iodide; thus we 
have t 

. * 

0) CHj.CO-CH. COOEi yCHj (CH 3 >3~C-CH. COOEt 

| + Mgf *-*> fMgO^ I *-*• 

COOEt-CH, V, COOEt -OH » 


Vi) 


(CH 3 CH'CtfOH ft 

O' I + Mg I (OH) 

CO-CM) * u 


CHa-CO.CH. CHa , COOEt C H 3 (CHa CH*CHg*COOEi 

I . + »-*; ■ Mgtf | 

COOEcCHa * \ COOEr-CH, 


(CH S )j-C~CH-CH»-COOH 

0 ^ | + Mg I tOH> 


50-CH, 


(ft*) CHa«O^H«CH,-CH a -COOEt 
COOEt.CH, 


+• W«; 


^CHj 


«H ; r C—CH*CHarCHa>COOH 

o' I 

Scotch, 


\. 

+ Mg I (OH) 


# (CHa >H3-CH.CH*CH»XOOEt 
I MgO I 1 

COOEt—CH, 
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The laotonic acids o&tained in the first'tyo cases are rcspec- 
tively identical with the terebic add and terpenylic add formed in 
#ie oxidations of terpi^col, and we may accordingly reconstruct 


a formula for terpincof as 

follows:— 

• 

CO # 

• 

cooh oh, y> 

C|OH * 

CH, JcH, 

.cooh 

CH. JO 

QHa 

CH,i' r CH* 

CHfC^CH, 

CH 

( 1 ) Tertht dtitl 1 

(II) rrrfrnytu nn,t 

fit!) HQMotfrptMytu and 


The methyl ketone of this acid, which results from oxidation of 

a tridxyhexahydro-p-cymene, will therefore be: 

* 


•CH, 

IV'i HmtUrfifuyh 



lflout 


m 


• cm 

CH, CH'OHt 

OH, 

r 

CHj.C.CH, 

6h 

(V) 


Hence it follows that the /noj#-eoinpound will most probably 
have the three?hydroxyl groups arranged as in formula (V), and 
the position of the “ doub]p bond ” in ■terpincol is indicated by 
the position in this formula of the adjacent hydroxyl groups, so 
that terpineol,is: 


Perkin’s syntliesi s^hilly confirms this view : 

Two molecules of fi-iodopxppionic e»Ur (I) are condenscd*n presence of 
sodium ethylate witli one molecule of ethyl cyanaretate (II), in whi<‘.h the 
methyl# hydrogen groups are replaceable by sodium as readily as those 
iu, for example, diethyl malolhte, owing to the influence of the adjacent 
unsaturated nitrile and carbethoxyl radicles. The condensation product 
is Y-cyanopentano-crye-tricarboxylic Hfcpr (III), whioli on hydrolysis and 


CH,.C (OH'.CH# 
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subsequent distillation tfith acetic anhydride yield|, firstly, pentane-ay7e- 
tetracarboxylio acid, then pentane-a7c-tricarboxylic acid by loss of CO d , 
next the anhydride of this acid, and, finally, 7-carboxy-e-^ctocyolohexane, 
more simply termed 8 -Jretohexahydrdbenzoic acid ^V). f 

On treatment of tlfe ester of this acid with a molecular proportion of 
magnesium methyl iodide, the carbonyl group is attacked, and 8 -oxyhexa- < 
hydro-p-toluic ester (V) results? Replacement of the hydroxyl group by' 
bromine and elimination of HBr by warming with pyridine‘leads to the 
production of a 1 - tetrahydro-p-ioluic ester (VI), which by further application 
of magnesium methyl iodide is transformed to terpinlol (VII), idlntical 
with tho natural racemic substance. 

Later, the A 3 - tetrahydro-p-toluic acid from (VI), which contains an asym¬ 
metric carbon atom in the same position as that present in terpinefol, was 
resolved into its optical antipodes; •i.nd wlym the synthesis of terpineol 
from tho active acids was completed, tho corresponding d- and /-terpineols, 
which are also found fn certain essential oils, .were obtained. 

« « . ' 


COOEt.CHiJCH.,1 


COOEi.CH,jCHj.I 

fli 


y CN • 
CH, 

COOEt 

(II) 


COOEuCH,.CH a 


COOEt-CHa-CHa 

1 HI) 


X 


COOEt 


< 


^OHj—CH, 

CO ^CH-COOH 
CH a -CfH a 


^3H a -CH a 

CMj.C »OH» ^bacOOEt 




jr 5 "* 


(VI) 



The compound teryin hydrate, from wftich terpineol results On 
dehydration, can be reproduced from the latter compound by 
boiling with dilute sulphuric acid. In this reaction two* molecules 
of water are added to one of terpineol, but the product, which, is 
a* white crystalline solid melting at 117°, loses ^one of these when 
heated at its melting-point for some time. The substance ter pin, 
which contains only one molecule of \w«tcr more than terpineol, 
is then produced ,* this is also solid body, which unite§ some¬ 
what pgoro isly with watertjp re-foipiffche hydrate, and which pos¬ 
sesses two hydroxylie groups,.- butf is not otherwise unsaturated. 
Evidently therefore a mo^cidl, of water lias united with the 
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“ double bond ” present in terpineol; and since it is a very general 
rule that in such addition reactions the non-hydrogen part of the 
Reacting- substance becomes united to the carbon atom which is 
already in union wi£h least hydrogen atoms ^Markownikow, see 
> p. 319), it is prot^ble that the formation of terpin may be thus 
rejflbesented: 


CH a —CJH* CH, 

CH,C' 

N CH—CHa CHj 

Terpineol, 


HaO 


yCH*~CH» CH* 
CHa.C^OH» y}H.&OH> 
CH*—CH* CH* 


This conception is supported by the fact tjhat the same opti¬ 
cally inactive terpin is formed from d-f 1-, or racemic terpiiieoi, 
and by Perkin’s synthesis of terpin from o-ketohexakydrobenzoie 
ester (I), the former terpineol synthesis being modified in that 
excess of magnesium methyl iodide is allowed to react with that 
compoup(J> whereby a dihydroxy-derivative (II), identical with 
t&rpin, is produced : 


CH» Ha 

CO ^CH,<K)OEi + 3M* (CH*i I »— CHaOOH) \:H*c£oH> 

CH a -CHa CH,-CHa oH» 

(I) 


• 

In virtue of* its alcoholic nature, terpin forms terpin dibromide 
wjien esterified # witli hydrobromic acid; this compound is of 
great importance by reason of its connexion with dipentenc and 
other of the p-mentliadienes ^compare pp. 346, 349). 

■ * 

When' tho $ilbromide is treated with silver acetate, the corresponding 
diacetate is produced,-hut when this is hydrolysed with alcoholic alkali, a 
new (stereoisomeric) terpin results, which gives a different dibromide from 
that obtained from the original terpin. There is much reason to beliove 
that the^omerism is duo to tho different arrangement in space of the sub* 
Btittaeflt groups about the ceidral cyolbhexaije plane, so that it may be 
explained similarly to that,of tho reduced benzoic acids (Baeyer)* of the 
fumario and maleio acid series, or of thp sjfft- and an/i-oximes of Hantzsch, 
For several reasons, such as th^higher Inciting- point of the seoond 
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mentioned terpin, and* of certain chemical reactions'of the former terpin, 
it is supposed that the first named is the cis- and the other the transform : 


c 

c v CH, “^ /H 

HO'^ CH a -ClC\ <CHj),pH 1 CM/CHy-Crt- ©H 

ut-Tcrpiii, i.i p io|" /w.i-Tcrpin, m p igg" ** 

* «, 

i « 

When the ordinary or ds-terpm is boiled with dilute mineral 
acids a variety of dehydration products result, notably terpineol, 
dipentene, terpinolene, and a peculiar compound, cineol , C 10 *rI 18 O, 
isomeric with terpineol, - which is foiled in many ethereal oils 
such as those of cqjeput, rosemary, and eucalyptus, and which, 
possessing neither hydroxrlic i^or ketomc oxygen, would appear 
to be an internal oxide'or ether : * • 



Anhydrous hydrobromic acid converts cineol to m-terpindi- 
bromide, as we might anticipate if the'annexed formula is correct; 
whilst, like terpineol and terpin, it can be transformed to p- 
cymene by violent reagents, such as phosphorus halides or 
pentoxide. 

The oxidation of cineol is instructive for two reasons : 

(i) It demonstrates the superior stability of the pe^tamethy- 

lene oxide ring-system compared with that of the cyclohexane 
njicleiw. * • 

(ii) It affords a connexion between the mbnocyclic terpenes 
under discussion and the open-chain olqfinie terpenes with which 
we shall meet in the next chapter. 

e f 

The action of aqueous potassium permanganate on cineol (I) is to rupture 
the cyclohexane ring-system and ;§poduco the clibasio rineolic acid (II); 
the latter readily yields an anhydride (III), which on destructive distillation 
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furnishes the unsatur^ted aliphatic ketone, methyl heptenone (IV; see 
p. 356).: 


OH«—CH 

CH».< / 

1 CH»—CH 

L .—»Q — 


H»—CH, 

CH.Q;(Chfj), 
CH» 


COOlf cfcoH 

C. CH,— CH,—CH-C. (CH,), 


(I) 


CO-o—CO 

CHj-C-CH,—CH»—CH-C, (CH,), 

1-,—cj 


'Ilf) 


CO 4- CO 4 s CHa.CO.CHa.CHa.CH=C.<CH,> t 

* • 


IIV) 


IV. Ketones op the jo-Menthane Series 

t 

* 

There are a number of ketones of the monocyclic terpene series 
corresponding to p-inenthane, the p-menthenes, and the j>- 
menthadie'nes; the more important of # these may be classified 
with reference to their parent hydrocarbons : 

Hydrocarbon. Ketones. 


CioELjo p-Menthane. 
Ci 0 H l8 p-Menthenes. 

C 10 H 1(J p-Menthadiones. 


a CmHjyO. Menthone, t<jtraliydrocarvonc. 
CioH lc O. Dihydrocarvone, carvenone, carone, 
timjono, pulegone. 

CioH i4 0. Carvone. 


We will deal first with the important compound carvone. This 
occurs as dearfro-isomer ii? the oils of dill and of cumin, and as 
Iwvo-iowi in spearmint and a few rarer oils. The precise con¬ 
stitution of carvone can onlj be arrived at by a careful considera „ 
tion of its chemical behaviour under a number of different 

i ife Mr 

conditions. 
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(i) When warmed with dilute aqueouB potash, it^js rearranged into the 
isomeric phenolic compound carvacrol, CjoHi^O, or 


<OH> 

CHj.C (=ry, ,CH (CHj> a 

r n ch—ch 


It is most unlikely that such a relatively mild reagent would came the 
migration of oxygen, methyl, or isopropyl from one carbon atom to another, 
so that we may assume that carvone possesses the skeleton formula: 


✓ C0 “ r V > c 

>-< 

'o-C X C 


(ii) Carvone unites with bror&inc to form the compounds C ;0 H 14 OBr 2 
and C in HuOBr 4 . It thus contains two ethyIonic linkings. 

(iii) It yields a well-defined oxime, tbo optically active oximes melting 
at 72°, the racemic form at 93°. On the other hand, it does not react with 
sodium bisulphite. 

(iv) It may bo obtained from terpineol by a simple seiies of reactions. 

It will be recollected that nitrosyl chloride, NOC1, unites additively with 
©thylenic substances (I), forming “ nitrosochloridcs ” (II), which, like 
most nitroso-derivatives, tend to assume the isanitro&j - or oxime form 
(III): 

RjCH =* CHR> ■*> RiCHtNOJ.OHClR, -> R,.C(:N.0H).CIIC1R J 
.(I) (II) (HI) 

Now, when terpineol mononitrosochloride, C 1 1 „H lfl NOCl, is treated with 
alcoholic potash, the oxime, CjoHir,0(:N.OH), of a ketone is produced ; 
this, by loss of water on heating with dilute mineral acid, becomes carvone 
(the oxime group being simultaneously hydrolysed). 

This, confirms our supposition that the carbonyl group in* carvone is 
adjacent to the methyl-substituted carbon atom, and*, iso fixes the position 
of one of the Rouble bonds in that ketone, since the series of reactions must 
be depicted as follows: 
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^CH,-CH. # CH, 

CHs.CCl ^CH-C^.OH' 

Sc—CH, CHs 

ntoH * 

y CH, 

»—► CH,-C' .CH.CHOH' 

N.OH 

Oxime for 

Du me of the ox) Netm 

^H—C^a 

CH»C/ 

• \so-cHi 

n . CH-CH, ch, 

or c^.q/ 

XJO—<&, CH, 


(v) Since carvonc can possess optical activity, its formula must be the 
socond 0 of the above, there being no asymmetric carbon atom in the alterna¬ 
tive one ; it is, however, possible that isomerization has accompanied the 
removal of H a O in the action <?f dilute acid, and so more conclusive evidence 
as to the position of the remaining ethylenic bond wc*uld be welcome. 

This may be obtained frdfrfa study of^some seduction products of carvorft. 

(W) When carvono is reduced in .Ukaliqp medfa the ketonio group follows 
the usual eustom and becomes transformed to a secondary alcoholic radicle, 
but in addition one of the ethenoid bonds is reduced, the resulting product, 
dihydrocarveol, G 1 „H 1s O, being still unsaturated but now only capable of 
uniting wftU one molecular proportion of bromine or of a halogen ^cid. 

J)ihydrocaTl'col can be oxidized by means of very dilute aqueous potassium 
permanganate to a irioxyhexahydro-p-eymene, (which is* not, 

however, identical with the compound of similar nature obtained as the 
first product of the oxidation of torpcneol, p. 329). 

One of the thretf hydroxyl groups present in this compound can be fixed, 
since it must be the secondary alcoholic radios originally formed in the 
redaction of carvonc; the positions of the remaining two are at once 
levealed by further oxidation, which produces a compound containing 
two oxygen atoms, one alcoholic, the other kclonie, and also containing 
one carbon atom let* than before. This kdovic alcohol has the composition 
CyH ](i 0.j, and can be further ^oxidized to an acid, <^,H 14 0 3 , which gives an 
oxy-ptoluic acid, when heated at 190° with bromine in sealed 

tubes. • 

From what, we already know of the constitution of car none (compare (i) 
above), it,is evident that the hydroxyl group in the last product of oxidation 
will be in the orilto -position to the methyl radicle, so that the acid, C 3 H 14 t). 
(from which the aromatic acid has been produced by removal^jf six atoms 
of hydrogen), is : o 

• CH, * 

CHa«dn ^CH.COOH 


22 
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We are now able definitely to fix the position of the^econd ethenoid bond 
in carvone, for the kctonic nlcohol which gives rise to the acid, C^H 14 Os, 
contains one carbon atom more than the latter compound, and is therefore 
almost certainly 1 , \ * 


CHy-CH, 

^CKUCQCHj 
pH—CWa 


If we refer back, in the next place, to the trioxyhexakydro-p-cymene, we 
find that in turn it possesses one carbon atom more than the ketonic 
alcohol, C.,H 16 0 2 ; and, remembering that by its method of formation the 
presence of two adjacent alcoholic groups is postulated in the trioxy-com- 
pound, it is evident that the only pogsihlo formula tor it which expresses 
all these facts is : 

ft 

^CHj-pHa CH..OHI 

ch».cH # chI choh» 

CH—CHa N CHj 

OH 

n '' 

Accordingly, dihi/drocarveo !, whose oxidation produced the 
last-naifted substance, must be 


* 


^CH,—CH, 
Crl 3< CH CH—C 

CH—CH a 



OH 


which confirms our original view that 5 carvone itself is 

.CH-CHa Cl 

CH,<f 


PH, 


CO—CH» 


CH* 

ft. 


From a theoretical standpoint, it is not without interest that 
on reduction of carvone it is the ethylenic linking in’ the hydro- 
aromatic ring which disappears, and not the second (purely 
aliphatic) fyond, as might have been expoctccf. This behaviour 
is readily explained if the dispositions tlio “ residual affinities ” 
in the grouping — CH =C(Cfl 3 ) —0 — are considered. f 

- * II ■ 

0 

It will be remember**! thaf Thiele showed that this system, 
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like the simple ^iethenoid group, -CH^CH-CH=C1I-, is 
abnormal in many of its reactions; for example, sodium bisulphite 
• reacts -with tlnsaturajed ketones of this type either not at all (as 
in. the fcastf of carvpne) or else with formation of a hydroaromatic 
sulphonic acid follows :— • 

-CH = CH.CO - +NaHSO, ■> - CH(80,Na) , CH„.CO - 
(cf. Ihe normal*reaction: 

-CH 2 .CH a .CO-+NaHS() :J -> -CH,.CHo.C(OH)(S(),Na)-) 
o 

Again, hydroxylamin <4 also* reacts in two ways with such 
ketones, yielding either the normal oxime (I) <$jr a hydroxylamino- 
derivative of the ke,tolfc*(II):— 

I.* - Cft 2 .CH a .CO - + NH a OU *-> -CH,.CH 2 .C(:N.OH)- 

II, - CH * CH.CO - + TCH;j()H -> -CH(NH.OH).CH 2 .CO - 

• • 

. Thiele'^explanation of these and other similar cases is as 
fallows : he considers that in any ethenoid system —CH --£H — 
.the “ affinities ” of the unsaturalfed carbon atoms are not com¬ 
pletely occupied in maintaining the double union, and that there 
is therefore a residue of free excess affinity at each carbon atom. 
He represents this state of affairs by deleting a simple ethylenic 
bond as • 

- CH-CH-. 


the dotted lines, which demote the. excess or residual affinity 
possessed by each carbon atom, being termed “ partial valencies.” 

When two such groups are adjacent to each other, it is^likely 
that there will be a mutual effect between the partial valencies 

concerned, which may be represented thus : • 

o 

H—CH- -CH—CH—erf—CH- -> -CH—CH—CH-CH- 

£ 

The final effect is to produce a system$>f carbon atoms in which 


-CH—eg—C’ 
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practically all the reactivity is concentrated iq the two extreme 
members. 

This hypothesic, which has proved very useful iii helping to t 
explain the behaviour of many unsaturated aliphatic compounds, 
and also the stability and indwiduality of the aromatic series, 
is not without application to the terpenes, and of the latter the 
reduction of carvone is a case in point. * , 

There exists in that ketone the typical “ conjugated ** system 

- CH =C(CH ;{ ) - C - 


which, when represented according to the Thiele method, becomes 

« f . 

-t!H—ClCH-J-C- 

. 

m 0 

a 

Tlie Vulnerable {joints of this system are thus jr'ii* to bp 
the oxygon atom and the carbon atom, to which a free partial 
valency remains attached. Hence we may suppose that reduc-' 
tion takes place as follows :— 

- CH—C(CH. ; ) - C - - Vfi, - C(CH jJ - « - -v - CH, - CH(CH,) - CO - , 


O ' OH 

« 

4 4 

and that the tendency towards addition of hydrogen is assisted 
by the readiness of oxygen to form the enolic hydroxy tic radicle, 

* . \ / CHl 

whereas in the group / ch “% ch there is no ypcygeif present to 

« 

promote the reduction. * 

We pass on to describe the ketones tlihydrttourmne anjl carro- 
j-aacetone, which bear <-Jic same region to p-mentliene' that 
carvone does to p-menthadiene, and so possess the molecular 
formula C 10 H 1(i O. 
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Dihydrocarvone is formed in small yield whei^ carvone is reduced by 

zinc dust and acetic icid, and is also produced to some extent when dihydro- 
carveol is oxidized carefully with anhydrous chromic acid in acetic acid 
solutioii. Dihydrocarvq^e is a pleasant smelling^liifliid, gives carvacrol 
when boileef with aqjieous ferric chloride, and upon oxidation with per¬ 
manganate, yields first a ketone alcohol containing two hydroxyl groups, 
and then a diketone which has been showft to be l-melhylA-acetylcyclohexa- 
none. This diketone corresponds in structure with the ketonio alcohol 
obtained from dihydrocar veol (p. 337), and shows that flic constitution of 
dihydrocarvone ftiust be represented as below : 


CH*. 


ch— ci < a 

■cf 

Zn >« acetic acid 

CO-CH, 

l 

CH) 


CH,_CH, 

M 

X 

Cr 03 in arctic aud 

CH CH-( 


j r C 

— /* 
CH-jrCH, 

<OH> 

Dili)4tourixol 

CH, 



CO^-cflj CH, 

Dibydrtk^rvonc 


CH,—CH, ^pH,(OH» CM,—CH, 

CHjXH ^9 h -C<OH* »—+. CH,«dH ^CKCO OH, 

_n co-ch, ch, “Nso— dw, 

I MlUijI- 4 jfLljIty. lulwxinon* 


When dihydrocar cove is treated with dilute sulphuric acid, it is partially 
isomerized to another ketong known as carvotanacetone, which is also 
obtained by boiling the Irioxyhcxahyflro-p-cymene from terpineol (p. 329) 
with dilute sulphuric acid, p-c ymertft being also produced in the latter case. 
The now ketone is also produced when the monohydrobromide of carvone 
is reduced with zinc dust. If hydrogen bromide had attached itself to the 
cthylenic bond adjacent*to tho carbonyl groir) in carvone, tho ketone 
produced by reduction would .have been dihydrocarvone ; since it is the 
isomeride»of the lafter ketone which lias, as a matter of fact, resulted, it 
follows that tho hydrobromie acid must have attacked the other ethylenic 
linking, so that carvotanacetonc should be : 


i 

CH 


*4 


■CH-CH, 


CO—cl 


)CH—t 


CH <CH») 


The physical properties of these two isomeric ketones bear ou£ 
this conclusion. We will illustrate *his by reference to their 
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4 

• ••* • a * a < 
molecular refractivititfs, refraction being the physical character¬ 
istic which thus far has found greatest application as a physical 
method, supplementary to chemical evidence, of distinguishing 
between the constitutions of different compounds. c 

It is well known that the molecular refraction, Ma, of'a compound, calcul¬ 
ated from the refractive index n by the Lorentz-Lwcnz formula/ 

_ (n a -1) x Mol. Wt 
J a ~ (n a + 2) x density, 

•gives values closely in agreement with those additivcly derived by sum¬ 
mation of the refractions of the various constituent atoms. 

For example, the atomic refraction *.*■’ jar hen for the “c” line in■ the 
hydrogen spectrum is 2'3(15 ; for hydrogen for the same line, I'103 ; and for 
l'etonic oxygen , 2'328. {-fence the calculated mol*&*'\tr refractivity of acetone, 

CHtCO.CH :{ , is— * * ' t 

«• * 

(3 x 2-305) -I (6 x 1*103) 4 (1 x 2-328) =16 04 * 

I 

whilst, that found experimentally is 16 65. On the other hand, when 
strongly unsaturated groups occur in a compound, the difTercgpO; between 
experimental and theoretical values becomes relatively large, and this' 
optical anomaly , as it is called, is exceptionally well marked in the case o! 
substances containing adjacent or “conjugated” unsaturated radicles. 
f Hence it is frequently possible to predict the presence of conjugated unsat¬ 
uration from the molecular retractility of a compound. 

* < 

In the case of the two compounds under discussion, the values 
are as follows :— r 


Ma j Anomaly. 


/h.-ch. y CH , 

Mich 45-84 

CO^Cnj CHj 

Pihydrorarvone (non-eonjupted). 

C W"* 46 . 84 

CO—CH, >CM J( 

Caryotiiucclonc (conjugated) 

CmH^O (calcinated i 

for J CO group, and 
7 ethenoid boiyf) *46-81 


k. 41*03 


4 003 
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When dihydroca/rvone is treated with a* ipolccular quantity of 
hydrogen bromide, addition takes place in accordance with the 
B Markownikcww rule already quoted in this chapter (p. 319) : 


1 CHjry-CHa /PH, 

CH S .CH 

X»—CHa 

Dihydrocarvone 


CHj 


OH» 


CHa.CjH 

, XO—CH a CH, 

DibydrocMvooe hydrobromlde 


ii the latter compound is treated with alcoholic potash, a 
ketone C 10 H lfi O is produced which is an isomeride of, and not 
identical with, dihydrocarvone. ' # 

Hie new ketone, car one, belongs strictly speaking to the class 
of dicyclic terpenes discftsserldm chapter xxi., but it may be more 
conveniently described at this point. On.oxidation it breaks 
down somewhat completely, and yields 1, \-dimethyl-2, 3 4ri- 
methylene carboxylic acid ( cdtonic*acid ).* This acid exists in cis- 
and imws-modifications, like most of the trimethylene derivatives, 
and on •treatment with hydrobromic acid it passes into terebic 


acid:. 


COOH 




PC 


COOH, CH 

Caionic icid 


CHa. COOH 

| / B - 
COOH. CH* C ( CHa >» 


CHfC^ 

fciebic wkL 


The formation of carone from dihvdroearvono hydrobromide 
must accordingly take place in qpe of the following ways : 


CHa-CH, 

CHj.CH ^gH.CB P (CH,>, 

~\o—C h, 




^CHa—CH* 
CHyCH CH 

Co—cCc 


■»CH, I 


CMa-CM-pCW,*, 

ch,/m > 5 w 

* x co— CH l 


, I 

Chemical ovidetsc tends to support the first- of the above formulae, and 
this is supplemented by the molecular rofraetivity of <^rone, which ft 
Ma 45*26. The calculate!! value is i/a = 44*11, so that there is an anomaly 
of + L : 15 units. Now it has been fouhd that physico-chemically the tn- 
meMiylene ring-system behaves Very like ai^ ethylenic group as regards its 
general unsaturated nature. ^ Hence the optical anomaly argues in fa$&*§ 
of the conjugation of the trimethyl|jMtgroup with the carbonyl radicle in 


oarone. 
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A nearly related isoifter of carone is thujone or tanacetone , found 
in the oils of wormwood, absinthe, and chamomile. There is 
every reason to believe that thujone also contains a trimetliylene , 
ring, whilst on oxidatl-on it yields in successioh (i) an acidf C lo H It5 0 3 , 
(ii) a diketone , C 8 H 14 0 9 , and (iii) h-dimethyllcevuMnic add , 
(CH 3 ) 2 CH.C0.CH 2 .CH 2 .C60H. * 

The diketone is therefore (CH 3 ) 2 CH.CO.CH 2 .CH 2 .CO%Cp 3 , 
and so most probably the acid first formed is # , 


1 CH a >,-CH 

y )p-CH a .CH a CO.CHj 

COOH.CH 


On the other hand, tbajonc can bo transformed to firvacrol, and therefore 
belfngs to the same general tyoe of ketone as carvone and its congeners; 
moreover, the evidence of oxidaticyi shofys that a point of attachment of 
the trimethylone ring is the carbon atom adjacent to the isopropyl £roup. 


Hence thujone must be ^c-cH‘<cH 3 ) a < the tri»*rth lene 

1 ' CO— CH, “ * 

•< 

system and the carbonyl group being lion-conjugated, as is 
indicated by the molecular refractivity, Mu- 44*78 (calculated 
Mu— 4411, anomaly -j-0‘07, as compared with an anomaly of 
+1-15 in the conjugated homer carona). 

We will now tabulate the compounds so far described which 
belong to the carvacrol or carvomenthene type : 1 , 


Hydrocarbons ( Alcohols ♦ oxl(latlon Ketones 


p-Men thane. CuH n 


Tetrahydrocarvoue 
C„,I1 IS .0H CioIIihO 

/j-Menthenea. C| 0 H, 3 (Caivomentheue) Diliydrocarveol, 

* CioHij.OII 


;*-Meiithadieiies. CjoHm (see section V) 



Carvotanacetone.('>„H , t O 


Dibydrocarvone, 
l redutAon / C, u H|«0 

(Carone and thujone; 


■^Carvone, C lu H u O 
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The thymol type of ketone is found in mentjjionc (p. 325) and in 
another common constituent of oils of pennyroyal and certain 
flints, pulegone, C 10 H w O. Its composition aiyl chemical be¬ 
haviour ind|cate that *lt contains one ethenofl bond, whilst on 
> reduction pulegone is converted t<^ menthone. It may therefore 
•be represented in * skeleton ” as ° 


%—c 'o 


The carbonyl residue present in pulegone does not react nor¬ 
mally with sodium bisulpffite*n6r with hydroxylamine (compare 
p. 339), whilst its refmrtivjjty suggests the presence of conjugated 
unsaturation. % * * • # 

Moreover, when heated in sealed lubes with water it yields an 
equimoleeular mixture of acetone and 1, 3-methylcyclohexanone 
(Wallach). This result can ohly be explained by assigning the 
appended stricture to pulegone : • 

^CH,-CH, OH, CHj-CH, CH 

CH,CH + H a o CHj.CH )CH, + C<( 

'tJHa-CO # CH, “OH,-cb CH, 


V. The p Miami adienes 

We shall conl!ne our study of the monocyclic terpene hydro¬ 
carbons of the composition C 10 H lc to those•members which are 
found in nature, especially in *the oils of the Conifera and Cyper- 
aeece, and may commence by a summary of the structure, optical 
nature, and occurrence of the compounds in question. • 
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Hydrocarbon. Oplicih form. Structure. Chief Occurrence. 

t 

Limonene. d- and I-. Al,8(9)-p- d-Form, in lemon and 

orange lynds, and many 
* t , Menthadicnc vegetable oils.' 

{ l-Form, in ( pine - needles 
! and fir-cones, and in 
spearmint oils, etc. 

Dipentene. Racemic. [ A 1. 8 (9)-p- In pinc-needlo oil ana oils 

, Mentliadiene. | of citron, cifbebs, pepper, 

camphor, nutmeg, and 
many* others. * 

Tcrpinolene. Inactive. A 1, 8 (4 )-p- Not yet found in nature. 

Menthadicnc’. 1 

Tcrpinene. Inactive. A 1, 3 -p- ' Tn cardamom anjl mar- 

Ment ha diene. : ]oram oils. 

c.-Phellandrcne. d- and A 1,^,- « Together in oils of,fennel 

Menthadicnc. {d-) arid in eucalyptus, 
|3-Phellandrene. d- and A 1 (7), 5-p- , ^inc-nccdle, and star- 

«« Mcnthadijpe.* * anise (/-). 

r 

When equal parts of <1- and l-limonene are mixed, the- resulting 
racemic mixture is found to he identical with the terpene dipentene, 
and therefore we need only discuss the evidence foiu&e "chemical 
constitution of the hitter. Whereas, however, either of /he 
limonenes have only been hitherto prepared directly from tho 
essential oils in which they occur, the racemic variety, dipentene , 
can be prepared from various other terpene compounds. Its 
chief methods of formation may be classified as follows : — 

(i) From the hemi-terpene tqpprene, C 5 H 8 , by polymerization. 

(ii) By intramolecular rearrangement of the isomeric ^erpenes 

phellandrene and pinene. “ 

(iii) By distillation of the complex * polyterpencs present in 

rubber. «• 

(iv) By dehydration of the olefinic oxyterpene linajbol (p. 361). 

(v) . By dehydration of many monocyclic oxyterpenes such as 

terpineol, terpin hydrate, and cineol. « 

Dipenteme forms two series of addition compounds, the one 
including monohydrogen-brqmides and -chlorides, nitrosochlorides, 
and nitrosites, the other being composed of dihydrogeif halides, 
^tetrabromides, dinitrosqchlorides, an# “ nitrosite-nitrosates.” 
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Dipentene dihydrobromide is found to be identical wifch cis-terpin dibromide, 
which, as we saw on p?333, must be formnlated as 

* CH»_qH, ^oh, 

Agjyn, wh%n dipentene mononitrosochloride is treated .with alcoholic 
potash^ the oxime pf earvone is formed (dipentene yields in this manner 
r-carvoxime, the d- and Z-limonenes giving respeeti voly d- and Ucarroximes). 

We have proved (p. 338) that earvone has the constitution: 

OH—CHa XJHa 
OH*c/• , a^CH-C^ 

co— chT ch « 


so that its oxime will be: 


«K.OH) 


Accordingly, the nitrosocMoride of dipentene must be repre¬ 
sented as: 


^CHa-pHa // * 

CHj'GCl }CU“ C \ 

ch » • 

(NO) * 


w 

whence we arrive* at the following structure for dipentene itself : 


jOHa-Ctfa 

OHa.C. 

n ch—chT ' }H * 


This structure is Confirmed by the synthesis of dipentene from 
terpincol when the latter, is heated with potassium*hydrogen 
sulphate: • 


CHa-CH, jOH* # 

CH.^k JCH-tfjOHi 
N)H—CH, OHa 

Terpincol, ^ 


^•-OHa 

CHj.d yCH-ef 
•«* ^H-CHa' W. 
' Dipentene (LimoncneX 
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It will be noticed that, in virtue of Perkin’s synthesis of ter- 
pineol from its elements, that of dipentene and the limonenes also 
becomes complete. , •• ** 

If, when terphieol is dehydrated, alcoholic sulphuric .acid 
replaces potassium hydrogen sulphate as desiccating agent,. 
dipentene is not produced,'but in its place a very unstable terrene, 
terpinolene , i@ obtained. ' 

Now it will have been observed above that the simple de¬ 
hydration of terpineol did not suffice to determine the structure 
of dipentene, and for this reason, that water may be abstracted 
from the terpineol molecule in two, and only two, ways : c 


CH, 


CH,_CH, CH, 

-\h M* 

CH—CH a CH » 


.un 


y CH t -CH 7 

CH 4 .c n /. CH—c^OH 

• n c^ch, "ch 


lirpi 


^CHa-CHj CH a 
CH 3 .a \ C =C 

(in 




Since it is known from other independent reason s"tf!at formula 
(I) vepresents dipentene, it follows that (11) is the structure of 
terpinolene. 

* 

Terpinolene is a most unstable hydrocarbon, and in presence of 
traces of acids is rearranged,to ye£ another terpenc, tcrpinene; 
this probably accounts for tin! non-occurrence of terpinolene in 
nature. . * 

Terpinene, on the other hand, is tlyj most stable of all the 
known p-menthadienes, and in view of this, and of its formation 
from terpinolene, it is at present field most* probably to possess 

one of the two following formulae:— 

« 

.CH a -CM, 
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The symmetrical character of the second "structure is a point 
in its favour, but *on the other hand the conjugated dieth- 
e^oid system present in the first would tend towards stability, 
and, indeed, |the refractive anomaly of terpineifle, which is fairly 
high ( 4 - 0 ‘ 9 o units),* points to tlje correctness of this latter 
repi^sentation. • * 

V 

feftyincne is also produced when alcoholic sulphuric acid acts upon pinene, 
dipenteftie, phellandtene, or terpin, and from linalool by the action of 
anhydrous formic acid. 

The «iast pair of p-inenthadienes to which we shall refer, the 
; phellandrenes , were regarded a& a* single terpene for many years, 
but Scmmler allowed in 1903 that the supposed^hydrocarbon was 
a mixture of at least wo isomers, and succeeded in effecting ^ 
partial separation of these two >odicfj. T\to or three years later, 
syntheses^from carvone of each form of phcllandrene were pub¬ 
lished, ducw respectively to Harries and to Koudakow. 

Hal'rics r * syn thesis of the a-phdlandrcne is as follows : # 

Carvone (T) forms a monohydrobrornidc, in which the bromine can be 
rcpfaced by hydrogen on reduction with zinc, giving a p-menthene f&lonc, 
(lla or lib). The product is identical with mrvoiamcetone (p. 341), and 
therefore possesses the constitution (lib). This reacts in the enolic con¬ 
dition with .phosphorus pentachloride, whereby the cMoro-de rivative (III) 
i« formed, and this by reduction ^vith zinc dust gives a-phella-ndrene (IV). 

On the other hand, Kondakow reduced rarvone (I) t o dihydrocarvcol (V T ), 
and thenco to ietrahydrocarvcol (VI). *vhieh by dehydration gives carvo- 
menthene^V 11., \f. 328). Curvomenthcw dibromide (VIII) gives ft-phellan¬ 
ti r cue (IX) when w&rmed with alcoholic alkali. 

a 
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.CH-CH, 


vn — wn. .OH. 

CH,C^ \yKr 
. CO—cfl, n ch, 

jr 


f 

CHf( 


-CH, 


CO—CH 


y QH —CH*(CH,), or OHjCH 

■ I ■** 'o 


^CH a -CH a 


CO-CH, 


V* 
cH*<? 


CH. 


s,. 

,CH a -CH .CH, 
CHjCH CH-& 

CH-CH, 'CH/* 


(lib) 


^CH-CH, ’ 

CH 3' C V '‘CH-CH^CH, ), 

CCl=CH 

m j 

CH-CH, ’ 

0H i <#f £H—CH-(CHj, 

CH=CH '* 


(IV) 


(V> 


J 


* CH,-CH, 

CHjCH 'CH—CH-( CH,)” 

\h— chT 

<OH> 

(VI) 


OH.-CH- 


'I 


CHj-Cv ySH-OH^CH,), 

S * OH—CH, 

I 


(VII) 

CH,—CH, 


CHjCJBr )cH-CH(CHj), 


‘?h-c<; 

Bp 

(VIII) 


,CH,-CH, 


I 


CH 


f*o( ^CH—CH-fCH, ), 

CH=CH 


(IX) 


VI. The nr Menthadienes 

i 

There are two menthadienes of the meta-series (i.e. connected 
with m-cymene rather than with p-cymene) which must receive 
mention. Both possess the same constitution, but whilst one 
(cnrvestrcne) is racemic, the other (sylveslrenp) is f/ea^o-rotatory. 
They occur in somewhat small amount in German arid Swedish 
pine-heedle oil, and also occasionally in Finnish turpentine. 

Carveslrene can be produced indirectly from the p-menthadiene 
dipentene as follows : — « 

Dipentenc is first converted to carvone (p. 347), and the latter 
ketone then transformed to carone ^js described on p. 343. The 
oxime of carone yields an amine, carylamine, when reduced, and 
if the latter amine is h^atedAvith alcoholic hydrogen chloride, 
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the trimetliylene ring (of caronc) is ruptured, and an isomeridc 
results. The new amine, known as vestrylamine, is not, how¬ 
ever, idejiticah witli the, reduction product of dijiydrocarvoxime 
(dihydrocarvi^amine), add must therefore be lfcrmulated as a m- 
.menthane derivative. Its hydrochloride, when distilled, decom¬ 
poses into ammonihm chloride and cafvestrene : 

U • 


CHa—CH, ,CH, 
CH..C )>< 

^CH-CH, CH * 

Dipcnlrne 


.CH, 


/CO-CH, 

ch,.c £h-c; 

' CH —CH a 'bH* 


Carvone 


CO—CH-C(CH a > 3 * 

c h >9h VL 

CH/—^ * 


Carone 


CH, CH, 


NH: 

• ^CH 
.CH,jCH 


4 , 

CH—Cl 


H 

n ch. 


^CHa-Cfla 

Vei.lryl.mJ 


IJHa 


r C(CH,) 


. ^h-ch- ( 

cHj*ch ^ 

CH*~dHi 1 

m C.ry tmirjf. 

CH *\ 

CHa—CHa 

Carvctlic 


Both carvestrene and sylvestrene, have recently been prepared 
synthetically by Perkin in a manner entirely analogous to his 

complete Synthesis ol dipentene. 

• * 

* 

m-Oxyhcnzoic acid (1) was red urn? by sodium in alcoholic solution to 
hexahydio-m-oxybenzoic acid (II), which by careful oxidation pave y-ketohexa- 
hydrobenzoic acid fill). Treated with a molecular quantity of magnesium 
jnethyl iodide, tlie latter ifbid gave y-oxyhexnhyih'u-m-iolvie lactone (IV); 
hydrogen bromide reacted additi^ely with this lactone, yielding the bromo- 
derivative $V) which by warming with pyridine wa<? transformed to 
A a - lc.trahjdro-m-toluir acid (VI). The methyl ester of this acid was again 
treated with tho above Grignard reagent, (exactly as in tiie corresponding 
terpineol synthosis),<Hud the unsaturaled alcohol (VII) obtained was heated 
in presence of potassium hydrogen sulphate, when water w^s eliminated, u 
and carvestrene (VIII) resulted. ^ 

By resolution of the A*-telrahydro-m- t toluic acid , the dextro-lorm was 
isolated, and this, when submitted to the sequence of reactions (VII) and 
(VIIIh yielded a m-terpene identical in all respects with sylvestrene. ^ 
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<OH» r * 

tH_CH a ( CO—CH 3 

©Hi CH.COOH Cn* CH.COOH 

vHjp* C ^a S CH/-CH a 


<» ' < 

(II) 

Oil) 

C • 

C H,y O 

/C—CH, | 
qH, fcH.CO »-*■ 

'3H»—CH* . 

CHa B- . 

✓ C - C ?’ 

Ct\a CH.COOH 9- 

CH,—CH, 

9H» 

-»• CHa CH.QOOM 9— *. 

V CHa_cjf«, 

UM 

(V) 

(M'i , 

CHa 

CH. 

OH* cH-CHOHi 9- 

NSHa-dHj CHa 

CHa 

-*» CHa CH.Q 

CHa_ C Ha CHa 

• » 

(VII) 

(MU) 1 ' * 




t', 


VII. Mutual Relations hetween the 


Monocyclic 


Terpenes 


Of recent years many other synthetic menthaditfncs of both 
series have been prepared, notably in the Manchester laboratories ; 
indeed, the number obtained is fast approaching that of the iso- 
merides demanded by theory. Since these compounds, however, 
are of purely theoretical interest, they will not be further dealt 
with in the present volume. 

One curious feature of all the.natural terpenes may be pointed 
out, namely, that one of the ethenoid bonds is invariably found 
at the carbon atom united with the methyl group, most usually 
in the system: 


//r CH — 


CHj—C 

CH,- 


i 


( but occasionally also in a methylcnic form ; 


CHrfsatf 

dfcH,— 


JDH,— 


Q 

c ' 


c 
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It may be found convenient if we conclude this chapter by a 
table illustrating *the more striking connexions between the 
jponocyclic t&rpene compounds; in the first column is given a 
“ skeleton {prmula ” by which the degree of hnsaturation of the 
related compounds may be seen a$ a glance. 





n 







CHAPTER XX 


# 


NON-CYCLIC (OR OLEFIN1C) TERRENES t , 

I. Isoprene, 

T ^EE first compound of the opr.ii-eh.ain scries which we must 
‘ consider is not- a true terpcne, but a ke^'ierpene, its formula 
lreing C 5 H s , and not C J0 Ht (i . The substance in question, isoprene , 
is nevertheless most important, frfr, although it is never found in 
nature, it is most probably the original substance from which the 
many isomerides of the formulae C 10 H 1( , and C 15 H., 4 a»/e directly 
derived. , 

The intimate connexion of isoprene with the natTfral terpeijes 
is emphasized by the fact that many of them, especially india- 
rubber and the different turpentine oils, break down into this 
compound when heated at a temperature of 500-700° C. 

Again, when isoprene, which is a mobile liquid boilifig at 37°, 
is heated to 300°, it is polymerized ro a bimolecular compound, 
C 10 H ]0 , which possesses most* 1 of the properties of dipentene , 
whilst on standing in bright sunlight for a long period it is con¬ 
verted into a gummy elastic body which very closely resembles 
rubber. 

At the present time, k ‘ artificial ‘rubber ” 'is manufactured in 
Germany to some extent by decomposing crude turpentine oil 1 
into isoprene, and subsequently repolymerizing it at.the ordinary 
temperature. 4 

Isoprein? is a very unsaturated hydrocarbon, and yields a di- 
und a tetra-bromido by addition of bromine at a low temperature. 
f On the other hand, .there is no Evidence that isoprene is an 
acetylenic compound, and, indeed, its^eonstitution as a conjugated 
cbtrthenoid hydrocarbon^has When made clear by two syntheses : 

l 364 . 
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• • # 

(i) In 1807, Ipatiew prepared isoprene from thejsomorio dimethylallene, 
the latter hydrocarMn being itself synthesized in the following manner : 
Diethyl succinate and acetone condense in presence of sodium ethylate* 
•forming the ester of dimelgylitaconic acid :— 9 • 

<clf,>,CO V |H, COOEt <CH*) a C: C.COOEt 

CHj.COOEt CHj.COOEt 

» 

When the potassium salt of this acid is electrolysed* dimethylallene is 
produced (just electrolysis of potassium succinate yields ethylene): 


?JH s );C=C.COOK 
CH9.COO K 


CHa.COOK 

Ha*COOK 


C 

I 


(CH,i;C=C 



4 + 

II 

* OHg 

+ * CO 

a 

’ ♦ 

1 

* K 

Dimethylallene 

CH. 

• 

i 

1 


, • II*. 

« CH, 

+ aCO 1 

a 

+ 

j K 


Diniotliylalleno yields a dihydrobromide addition product which, in 
accordance with the MarkownikoV rule, may be formulated as : 


CH, 


CH," 


'CBr.CH BrjCH, 


and whoa the latter is treated with alcoholic potash, isoprene results: 


ch, 

• CHse CHa 

CHS • 

• 

(ii) In 1898,1<lulcr obtained isoprene by the “exhaustive metliylation *’ 
cjf p-methylpyrrottdine, itself produced synthetically from methylsuccini a 
(pyrotartaric) acid (com part; pyrrol syntheses, clntp. iv. p. 42). 

, CH.-CO ' CH—CH CHjf-CH* CH ,t 

- I /** *—*■ I_ *“*• 1 '»-*■ 

CH*.OH__CO CHj*C CH CHjjCH—CH, 

Pyrct^rtanc miidc p-Mcth,lpjirol A-Mclhylpyrrolidinc 


CHj-CH, 

' I /►(<»•). 

CH rf CH—OW # 


fl-Mcth,lpjirol 

, <2: 


CH ~CH, 


I 

,-CH-CH a — N.(CH a ), 


* CHjI CH~CH a 
CH.-CH 


CH 

KOH CSCCH 


• ~ r_ 

CH^H-CHa—N(CH,) a i t - ° M a 

l«RM 


+ (CH a )jN-HI 
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| f * 

The polymerization of isoprene to dipentene can easily be 
represented aB follows :— 



On the othei hand, it is easy to see how other isouerides of 
the composition C 10 H 1(i might equally readily he formed j. for 
instance:— 

(i) A m-menthadiene: 



CH = Ch, 

* CH * gh - 


Ms* 

OHi^fcH* 


CH* CH* 0 

t 

(ii) A non- 

■cyclic terpene: 

r *» 

Ch k 

^c-chsch, + 

CH? * 

chj^c'Ch^ ch=ch. 

CH, 

► ')p-CH,eHs=CH CH<t. ^‘CHSJCHi 
cU» r 



4 

c n» 

\j-CH~CH, + 

t CH , 

CHsasCH C (CHj'sCh, 

CH* 

^C-CHssCH CH -CH .ClCa >=OH, 
CHJ " V 




II. Methyl Hepthnone 

« 

We will approach the real olefinic ter penes by (consideration of 
a nearly related compound of the formula C 8 H 14 0, which occurs 
associated with the former bodies in various essential oils, such 
as those of geranium, lemon, rose, etc. It ‘is an up saturated 
ketone known as methyl hepternme, and its constitution*is at once 
gathered from its oxidation products, which are asetoiie and 
Isovulinic acid in molecular proportions. This fact enables us 
to build up a formula for the ketone as fallows :— 

V 

* CH « f CM ^ 

J30 if COON.CH J ^H,.CO.C Hm ^C=CM.CM*CH a< oaCM, 

VAOtlont. UemCmic* if 


M*iM kepkRWi* 



NON-CYCLIC TERPENES 357 

• * • 

.. This structure # readily explains the production of methyl 
heptenone from oinsolic acid anhydride (p. 335): 


t CHj »_•$- 




<0‘H,»,.Cs0M^H«.CM,jCO4Ch, + 00 + 


CO, 


M0hyl hcptanonc 


T\hA<^ 

, l. 0 I -1.1 • 

CiiwoIk juikydridt 

** l • 

and also renders obvious tlie production of dihydrb-m-xylene when 
the fcetone is treated, with 75 per cent, sulphuric acid : 



■ Finally, we may quote a synthesis of imthvl heptenone by Barbier ond 
Be iveault (189G): • m 

jsoan/yienedibromide (III), prepared by addition of bromine to the 
iin/amyletig (II), obtained from isoamyl bromide (I), is condensed with the 
monosodium salt of ocelylacekmc \l\) (from the Claisen condensation of ace¬ 
tone "' -it ethyl aceatc). The product (V) is boiled with alcoholic potash, 
*yhon methyl *heptenone (VI) and acetic acid are produced. It will be seen 
tJhat this process is simply a variant of an “ acetoacetic ester” synthesis. 


(CH I - CM 

* * J • 
CH, 

1 

CH,Bp 

m 


CH ■ COOEt 


*CHj ) b - CH 
CH 

• I 

CH, 

(U) 

+ |H,‘ 

00 

• I 

CH. 


CH 


I 

? 


HBr 


CH, Bp 

(H» 

CH-CO. CH, 


(CH, V 


CH ' CO. CH 
CO 

I * 

CH 

a 

m 


oyi 

'"■’i 

r 

C Mg 

i 

CH, 


f 




L 

L 


(VI) 
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The importance of methyl heptenone lies iij its capability of 
transformation into the olefinic terpenes of the citral type, to 
which we now pass. 


III. The Citral Group 

* 

The most abundant of the naturally occurring ohjumu wsrpene 
' derivatives is the aldehyde citral, an optically inactive compound 
'found to the extent of about 70-80 per cent, in oil of lemon gfhss, 
and also in the oils of oranges, nyin^rjns, verbena, balm,' bay, 
and ri\g.ny other shrubs. Citral is readily isolated in the. pure 
condition from any of these essential oil* by slfaking with sodium 
bisulphite, and, after separating the well-defined addition com¬ 
pound, regenerating the aldehyde by gentle warming with alkali 
carbonate. t 

Citral possesses the formula C l0 tf l(5 O, and its constitution is 
rendered evident by the change it undergoes when toiled with 1 
strong podium carbonate solution ; under these conditions a kincT 
of hydrolysis takes place, a molecule of water being added, and a 
mixture of methyl heptenone and acetaldehyde resulting : 


CH 


rCH j' a C=CH.CH a .Cha.<io 

Methyl Itipienone 


CH CHO 

AtetaM-.liyJf 


CHj 

< CH >, C=CH.CHi.cH*C=iCH,CHO 


CiUal 


Citral lias been synthesised from an acid, geranic add , by Tiemann (1898) ;* 
geranic acid in turn was synthetically prepared from methyl heptenone in 
1896 by Barbier and Bouveault 

Methyl heptenone (I) is treated with iodoacetic ester (II) in ppsence of 
pondered* zinc, when a similar reaction to the “ Grignard ” process takes 
place at the carbonyl group, and the doable metallo*>rganio derivative 
fill) is formej^. By the action of watpr and subsequent, hydrolysis the 
acid (IV) is produced, which by heating with adbtie anhydride gives geranic 
t%cid (Ya or Vi). Since boiling alkali carbonate resolves geranic acid into 
methyl heptenone and acetic acid, it is plain that the acid has the (Sm§titu- 
f tion’(Va). When its calcium salt is distille# with calcium formate, citral 
^jjjjdresults, just as acetaldehyde resists when a mixture of calcium aoetate 
ano^mate is submitted to d'-y distillation ; y 
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(CH s > a C 

t” . 

CH, 

CH, • 

CH # -CO + 


‘CH 3 ) a C 


(I) 


frCHj jCOOEt 


f H 

CH, 

A, 

.1 

CH 3 .c (®Zn i ).CH a .COOEt 
(MI) 


a 

«HJ S > 


1- ' 


<CH # > a -p 


<CH a )jC 


CHa 


" L 

OH if! 




(IV) 


f 

f Ma l " CH, 

CH, 

* I H 

CH 4 -C«=CH.C00H OHj-c— CHa.QOOH 

• (Ctranic acid) lVk * 


f 

CH, 

1 h 


r 

• CH, 

CH, 

u 

CH 3 *C.CM, >0 hO 
(VI) (iir,l 


Citral is transformed to p-cymcne by loss of water when boiled 
with acetic acid: 


CHO-Cq 

,oH - , i or Orr* 


(H0^3H=rCH 


JHjtCp 

Cilial 


'0H,'5 CH % H -dK 


p.CH] 


CaH 



CH, 


4-Cjwcm. 


The citral found c in nature->has been proved to be a mixture of 
two stereoMsomers. Since there is no possibility of the existence 
of optically active forms of the compound, it seems likely that the 
isomerism is of the geometrical type, and from investigation of the 
related alcohols geraniol and narol (which are described below), it * 
appears that the two forms of citral may be represented as “ cis- + 
tram ” ssomerides corresponding to {he formulae : 

• * * 

(OH 3 ) 2 .C:CH.CH 2 .CH :r —0—CH 8 ^,iCH a k.C:CH.CH a .CH fl —C—OHa J 

H-J-OHO ^ • CHQ—<5—H. £ 
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Alcohols related to citral. Three isomeric alcohols, C l0 H 17 .OH 
which arc found widely distributed in nature, each yield the 
aldehyde citral when submitted to acid,oxidation*. These are 
geraniol, nerol , and linalool. The two former are believed to.be 
stercoisomeric varieties of the same alcohol, whilst linalool 
differs slightly from these in chemical constitution. * 

Geraniol is found chiefly in the oils of geranium, ditron, end 
lemongrass; nerol occurs associated with it in vhose of neroli, 
lavender, spike, and others. 

The acetates, valerianates, and tiglates of both are also frequently 
present with the alcohols themselves. 

1 'Both geraniol and nerol arc o'btifmdd when citral is reduced 
with IStftLium amalgam, and the aldehyde isimilarly produced 
by their oxidation with the. theoretical amount of chromic acid. 

When heated under pressing with water, geraniol or nerol yield 
methyl heptenone and ethyl alcohol, whilst by oxidation with 
acid permanganate, acetone, hevulfciic acid, and oxalic* acid arc 
produced. . 

It is therefore assumed that the two alcohols are geometrical 
isomefides corresponding to the stereoisomeric citrals : 


(C H ;i ) 2 .C:CH. CH_>. OHj—C—CH-. (CH,),C:CH.CH,/C!H 2 —C—0II ;: 

|i and It 

H—C.-CH,(()H) ^ (HO)CH..—-C—H. 

« 

This conclusion accords also with the above hydrolytic and 


oxidation reactions: 


(CH,C=CH 
CH* 


H a 0 »t 150’ G 


«JH, >,C=CH ( 


L 

r 

;h 3 'CO + CH,- CH*. 


CH* 

I 

CH* 


oxidation 


CH, 

« 


I * 

s ,C=CH.iH,(OH» 


ICH, JjCO ^OOH 

CH* 


S H. 


CH, if C + ICOOHJj 
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, Wlien heated with dilute sulphuric acid, both geraniol and 
nerol yield terpin (hydrate), the latter very much more readily 
«than the former No^ it will be seen from the upended formula) 
that one oj the geometrical isomerides is much more adapted to 
form the cyclohexane ring-system than the other v 


yC—CHt'OH 1 

• CH *^ JtH •sC.tCH, >, 
CH^dHa • 

I 


P»tOH» 


CH,.<^ CH—CjlCH • 



(HOfiCHt-CMt .CM, 
CH *^C CH-CiOH* 

’ CH^cfi, N CH, 


Tcrpm 


Nerol is tlieretore assigned the structure (a) and geraniol the 
configuration (6); moreover, the relative quantities of the two 
forms of citr^nl formed by oxidation of geraniol and nerol are # 
different, and consequently that preponderating in the oxidation 
of nerol is given the structure shown bdtow, and is known as nero- 
citral or neral ; whilst the other, formed in greater amount from 
geraniol, is •represented as the geometrical isomeride of neral, 
,and designated geranio-citral or geranial : 


(CH n ) 2 .C:CH.CfI,.CH,—C^-CH, (CH,) 2 .C:CH.CH: 2 .CH a -C-CH ;( 


H—C_CH,(OH) 
Geraniol. 

■ i 

CH 3 ). j .C:CH.CH,/:H..—C—CH-, 

II 

(HO).CH.»—C -H 


H—C—CHO 
Geranial (Geranio-citralj. 

(CH,).,.C:CH.CH 2 . CH.,—C—CH* 
C#0—C—H 


* 


Nerol Neral (Nero-citral). .% 

* Linalool, on the other hand, occurs # in optically active forms, 
and is widely distribut?d in the oils of coriander, bergamot# 
neroli, petitgrain, thyme # lav&Mer, apd others. Linalyl a 
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propionate, butyrate ,, and valerianate frequently accompany the, 
alcohol in small quantities. 

Racemic linaloqf, is formed to a certain ^extent when geraniol«> 
or nerol are heated £o 200° C. with water in an autoclave, whilst, 
on the other hand, the natural optically active linalools give a 
mixture of geranyl and neiyl acetates when boiled with acetic 
anhydride containing acetic acid. * « 

The only isolable products of the oxidation of UnahoU are 
acetone and lsevulinic acid; and from this* fact, taken in con¬ 
junction with the interconvertibility of linalool and gerauiol- 
nerol, it is argued that linalool is a tertiary alcohol of* the 
formula : « ^ • 

* OH;, . 

« OH “ t *' 

An apparent argument against this formula is the conversion oLl-linalool 
to d-terpin 1 [hydrate) by the action of dilute sulphuric acid; for, since the 
d-terpin can be dehydrated to d-lcrpiveol, in which the asymmetric'S&rbon' 
atom of l-hnalool has disappeared (although it is true that a now (plausibly 
racemic*?) one has been introduced), it is difficult to understand the optical 
activity of the terpineol produced : 




CHa-CH* 

/•Uoaloul 


<CH, > a C,<OH.-CH 


CH.-CH 


<v J 


OH 


“CH*—CH* 

<A1 erjila 


I, 


<CHa >*C.<OH- 

* 



y.Ttrpincoi 


« 




The matter is not yet cleared up. % « 

V 

JQipentene, terpinene, and other products of the ijjpnooyclic 
terpene series are also obtainable under different Conditions from 
tike three alqphols described above ,*but tjie formation of these 
products depends on the primary production of terpin hydrate, 

and therefore need not be further enlarged upon. • a ’ 

* . • • 

. .hy drocarbons related to cifral. Dehydration of geraniol by potassium 
hydr3|en sulphate at 170° produces amongst other substances a hydro* 
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carbon of the formula C^H^, known as ankydrogerqniol, This compound 

contains three ethenoft bonds, and is therefore an olefinic terpene, but its 
formula is uncertain. Isomeric with it is myrcem, also a triolefinic oom- 
jffrnnd, which is foumd in of bay and of laurel. 9 * 

A diolefinh^ hydrocarbon of unknown structure, liiudoolene, C Jo H, 8 , 
. results from the reduction and subseque«t dehydration of linalool. 

■ • • • 


IV. Some Cyclic Derivatives op Citral 

Citral is the root-sui>stance of certain cyclic compounds which 
are, nevertheless, not monocyclic terpenes but are derived from 
\-metftyl-S-gem *-dimethyUetrakydrobcnzene , and contain in a side- 
chain attached to the nuclji^s ai^ aldehydic or ketonic group. 

The ^imjjljgiL+YDes of these intramolecularly condensed citrals 
are the a- and fi-cyclociirals, which are readily farmed by warming 
citral with aniline or cyanaceti^ ester. *T«he first product- is pro¬ 
duced by the usual condensation : 

(CH 3 ) a .C:Gg.CH...CH 2 .C(CH, ) ):CH.CHO + NH^H^ 

(CH; t )‘j.C:CH.CHj.CH*C(OH ;! ):CH.CH:N.CfiH 5 , or * 

CN. 

(C^,),.C:CH.OH,.CH.,.C(CH,):CH.CHO +H 2 C. -> (CH,),.C?CH.OHo. 

* ~ ' "'COOEt « ' 


ON 

CH,.C(CH 3 ):(JH.CH:C " 

COOEt. 


The ring-system is then ^osed by addition and re-elimination 
(in two possible ways) of two molecules of water, and the mixture 
of the anils pr cyanacetyl derivatives of the two isomerides 
yields t&e free cyclocitrah by treatment with dilute mineral acid : 


•W. 

/? 

CH CH»CHiN - *C,H» 

I II 

CH, JpjOH,* „ 

OH, 


W, 

i<OH) 

CH : CH, CHjN.C.H* 

CH, C/CHUOH> 

OH, ’ 



* The profix “ gam-" denotes the attachment','*’ 
two similar radicles to one carboif atom. 


Cl 


H.CHIItCiH, 


JJCH) 

\/V i 
CH 


JCL 

0 VC,CHIN.C.H, 

I *11 

V* 






« 


w. 

CH, CH<OHO 

I I 

CH 

rCycMink < 


A*’* 

!H, aCHO 

• II ^ 


t 


*cww mm. 
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By further condensation with acetone in ^presence of baryta 
water, each of the cyclocitrals yields the corresponding a- and 
fi-iononcs, whiclvare commercially valuabje as a substitute for oil 
of violets in perfumery : • 


OH> <j»V3HO + 

r 

CHgCO'CH* 

Cfl. CH*OHS0H*CQ CH, 
1 1 

CH® y o 

y* 


vCydocitnl. 






o 

OH* OCHO + 

t II 

°^ CM * ' 

a r... 1 —,.._ 1 

CH|GOCH, * 

H 

^’ j * jj ,CHS0M * ,c0,0H « 

CH,/WWT* 

CH, 

/9-lonone, 


/j-Cydotilral 


The actual constituent of oil of violets and orris oil which gives 
rise to the characteristic perfume is irone, C 1;t Ho () 0, isoriSeric with 
the above, and represented by the formula : _ * . 


yV* I 

ch s chch;ch.co.Oh 
I! I 

CH y CH(CH^ 

'CH, 


V. The Citronellal Group * 

• t 

The aldehyde citronellal, C l0 II 18 O, is an optically active sub¬ 
stance which occurs (as the dextro -rotatory variety) in eucalyptus 
oil, balm oil, and lemon oils. 

« By careful oxidation it yields the corresponding acid-, ditronellic 
acid, and by reduction, citronellal, C 10 H 19 (OH), an unsaturated 
monohydrlS alcohol, which is found (usually in the Icevo-toun) in 
& oil of geranium and oil of rosp. 

It might H supposed ,that these compounds correspond respec¬ 
tively to the dihydro-reduction products of citral, geranic acid, 
and geraniol ; but geraqjc aci8,‘ whqn reduced, yields an acid, 
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rhodinic add, C 10 H 18 O 3 , which by further treatment gives the 

corresponding aldefiyde, rhodinal , C 10 H 18 O, and alcohol, rhodtnol , 
g i0 H U) (OH), *nd these products are apparently not identical, 
nor even stereoisomerift, with the dtronellal cofnpounds. 

. .Since citM is represented as (ChT,) 2 .C:CH.CH 2 .CH 2 .C(CH,):CH. 

CHO, rhodinal would most probably bfc (CH 3 ) 3 .C:CH.CH 3 .CH 2 .CH 
■ (CH 3 ).CH 2 iCHO, whereas dtronellal appears from its reactions 
• to b<h , 


CH :l 

ch 2 . 


~C. CH a . CH-. CHjj. (7 H.(CH:{). CHo. CHI). 


Tit© jeactionf^in question are as follows : 

(i) When treated with acetic anhydride, dtronellal is converted to the 
acetate of isopulcgol ; the latter cyclic alcoliqj can be oxidized to a ketoijp, 
isojwlegone, which by simple isoimlization is transformed into pulegone : 




CHa CH» 

I ] 

CHa CO 
CH 


CH*G>C8* 

Isopufejoaa 


I topulcgol must therefore be^formulated as below, and this leads to tho 
appended formula for the isomeric cilfnellal : 


9* a 

& 

CHfc CH, 

I I 

CH^pH tOH> 
CHyCjCH, 

'Isopukgol* 


CH, 

CH, CH? 
CH. cho 

CH/CICHa 

CittondUL 


(ii) The suggested formula is dmtirmed by the careful Oxidation of 
citronellal by potassium permanganate in cold aqueous acetone; the first 
-product a dioxy-citronellal, which ft next transformed to ii koto- 
aldehyde containing one cation atom less than the original citronellal. 
We have met this characteristic reaction^ the methylene radiclo>C:CH 2 
in connexion with terpineol an^ other^ompo^mds of the monocyclic series. 
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and it is ovident that, the production of the keto-aldehyde is roadity accounted 
for by the above constitution : * 

CH 3 _ « . 

" C.GH...CH.*CH,.CH(CH,).CH.j.CHO 
CH.^ “ “ 

Citronellal. * ^ 

• • 

CH, . * 

• >C (0 ff ).CH.. CH0.CH2.CH (CH-,). OH3.UHO 

CH.j(Ofl) • * 

The Dioxy-compound. 

CH a .CO.CH 3 .CH 2 .CH B .CH(CH 1 j.CHfCHO. 
The Keto-aldehyde. # * 

. 

VI. Relations between the *Olefinic Terpenes 

* , ‘ 1 . * 

We append a table showing the chief connexions between the 

various compounds of the non-cyclic terpene series. * 


t Mimodhjfhmc Dwtkylenv 

Ily^ocarbons C, 0 II, n C,„H 18 


Tnrlhylrnu 




.Linalooleno Anliydrogeramol 


Alcohol* 


Aldehydes 


* Ami* 


^i«d|.AOH) C 10 H,,(OH) 

|i .-yRhodiiiol y ^Linulool-* - 

ill Citronollol' T -- ^ 


CjolJjgO 

.Rhodinal 
XgUtomUoJI : 


C| 0 d, 8 O s 


Lmalool-4- 
\ Geran%jl ] 
{Nero! t‘ 


C»H»0 


(Ion ones) 




jfRhodinic acid » Geramc acidj 
® Cifronellic acid* 


lethyl heplenone 
4- ethyl alcohol 


'Methyl hoptenone 
4» acetaldehyde 


if ethyl heptenone 
+ acetic acid 




CHAPTER XXI 

f 

POLYCYCLIC. TERPENES: DERIVATIVES OF PINENE 

CAMPHOR, A5ll> FENCHONE ; AND THE SESQUI 

•TERPENES 

* 

t 

I. DeeIva’tives op Pinene 



T Hi5 most abundant of the naturally occurring dicydic ter- 
penses (and, indeed, of*all the terpene derivative^) is the 
hyjLrpCHrbon pinene , C 10 H J(5 , which is the chief constituent ol 
turpentine oils. The dextrorotatory form of pinene, scfmetimes 
tm ned auslralene, is found in the oils exuded from Russian 
'American, German, and .Swedish pines, and also in cypress, 
star-anise, laurel, fennel, coriander, myrtle, eucalyptus, and man) 
other oils. f-Pinene, or tcrebenthene, occurs in French pine oils 
and in pine-needle, hemldbk, cajeput, J valerian, thyme, spear 
mint, parsley, and a number of other oils. 

The*opticaflv active forms can only be purified by repeated 
fractionation under diminished pressure, svhilst inactive pinene 
is readily obtained pure by treating the alcoholic solution of the 
nitrosochlpride of cither active variety with aniline. 

Pinene .is unsaturated, but only forms a monohydrochloride 
and a dibrjomo-addition product, and a mononitrosochloride. 
The inference is* that only one ethenoid bond is present, and 
therefore, in view of its formula C 10 II ]U , it is certain Unit pinene 
must possess a double or dicyclic ri^g-system. 

Pinene is very readily oxidized, and even by simply standing in 
presence of moist air it IS converted to an unsaturated glycol 
known as sobrerol. At th^samb^ime small quantities of hydro- 

* 0 M7 
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gen dioxide are produced, and the emulsion of air-oxidi2ed pinene 
and water consequently finds application, finder the name oil 
“ Sanitas,” as a pleasant-smelling antiseptic and disinfectant. 

Pinene hydrochloride is a solid crystalline compound, vejy much 
resembling camphor (p. 373) ip appearance dnd smtLl, and often 
sold as “ artificial camphor.” When heated with anhydrous- 
sodium acetate, this compound is converted to a hydrocarbon, ’ 
C 10 II 1( . which, however, is not pinene, but an isoiperide known as 
cam-phene (p. 384). Moreover, when pinene hydrochloride is 
treated with a solution of silver acetate, silver chloride is removed 
and the resulting product is the acetate of an alcohol, isoborneol , of 
the camphor series, and when oxidized ,vith nitric acid, camphoric 
and ether acids of the camphor series result. j 

The pinene and camphor groups of the dicyclic terpenes are 
thus very intimately related,. 

On the other hand, by various processes pinene can bti readily 
transpo|ed to p-cymenc, carvacrol /p. 336), or a number of the 
p-menthadienes. It is therefore plain that in pinene th^re exist 
the elements, at all events, of a methyl and of an isopropyl group, 
which are separated on either hand by a chain of two car 1 on 
atoms: 


I ) 
ks 


We must next study some of the oxidation products of pinene, 
and from tliese we shall be able to deduce a very probable formula 
which represents satisfactorily its general behaviour. (As a 
matter of fact, the choice of suitable formula) is much more 
difficult in the dicyclic than in the monocyclic terpefte - series, 
and in the case of pinene and several other members thereof, a 
number of^rival formulae still contend for the representation of 
1 these substances; we shall* as a genoval rule, restrict our dis¬ 
cussion in each case to (he structure which appears to meet with 
most general support from the authorities in this field.) 

The oxidation of pinen^ takdS* placqjn two main stages : 
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(i) Atmospheric oxidation produces the unsaturated glycol, ftobrerol, 
G 10 H ltt (OH) a ; this, byathe action of dilute acids, loses a molecule of water 
and forms pinol, Cj„ftj«0, an urisaturatod compound in which the oxygen, 
lpce that.in cin5ol (j). 334)^ is of other-like or oxide t^p3, and not alcoholic 
nor carbonylie. * 

j[ii) When pinol is cdrefully oxidized /it 0° with 1 per cent, aqueous per* 
m^pganate, and subsequently with a mora concentrated solution of the 
same reagent at the ordinary temperature, the following products are 
successively Obtained : * 

t 5 

Pinol, CjcIIj^O PinolTjlycol, C,i)H 1 60(0H) 2 -> Sobrerythrite, CioH J(i (OH) 4 
(Monoethenoid (A saturateddioxy- (A saturatedtetrahydric 

$£hcr.) ether.) alcohol.) 

-> Terpenylic acid , fUl 12 0 4 Terebic acid, C 7 H Jn 0 4 . 


(iii) When pinene itself is oxidized by potassium [>ennanganate, tly 1 
products formed in the first place a~-e : “ " 

It 

Pinene, Pinonic acid, C 10 H 1( |O ;; Pinic acid, C fl H u 0 4 . 

• (A saturated katonic acid.) (A saturated dibasip acid.) 


"ifeabtion (ii) * shows a connexion between pinene and terpenylic acid , 
anjt we already know that the latter compound is constituted as follows:— 

• \ 


CCOH 

I T°, 

CH, CH, 
j ch 3‘C. 'chj 




The lactonic oxygen atom in the latfor acid coricsponds almost certainly 
with theaethereaf oxygen of pinol, and, omitting the parts of the terpenylic 
a^id molecule which are obviously due to oxidation, wc are left with the 
following skeleton of the molecule of pinol as that part whic^ has escaped 
oxidation: * 


ill II 



<> e C»H„0) 




Since pinol has the composition C^H^O, we have now to account for 
(CgHg),\>ut of which residue wo igjuat allow for a group (CH—C) in a “ para 
position to the isopropyl (or rather, in this caso, the gem-dimethyl) 
residue. 

2 4 * 
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t 

This reduces the number of possible) formulae'for pinol to two* na‘mely: 


9 H » 

Ml • \ 
¥> ' 


,1^' 

CH, CHi O 

Y/, 

-r.' 


ch “ c 'ch. 


<*1 


Let us now construct the corresponding formulae for tixe saturated glycc 
and the saturated tetrahydrio alcohol derived from pinol, in accordanc 
with each of the above suggested structures for the latter compound : 


^C^OH) 

r 

ch»w£° 

r/ 

^h 3 


Pthol if/ycof 



CH- 


SaberythriU. 


9h, 

^C^OH) ' 
(OH) CH CH <OH> 

M I I 

CH, CH, 

X CH 

CH 3 C (OH) CH 3 


w 


CH, 

/ C^OH) 

CH, CO 

I I * 

CH, C H , 

CH 

CH.CIOH^CH. 

.1 J 


Evidently, then, the structure (6) would not yield a fetrahydric alcoho 
at all, but a dioxyketone, jjnd thus it is argued that (a) is the true formulr 
for pinol. This harmonizes with* the fact that sobreryihritc is a sweet 
somewhat sugar-like compound, si^cc in the sobreryihritc [a) formula w< 
find three adjacent alcoholic radicles, and it is well known that a/)cumula 

tion of such groups is frequently accompanied by sugar-Rke properties. 

f . ‘ 

\ 

Wagner, who is responsible for most of the experimental work 
and theoretical conclusions in connexion with the abdve formula 
for pinol , infers that pinene itself is 




or, is it if more usually lvrflfcn, 
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« 

We'arfe now able to derive the structures of the two acids 
formed by oxidati&ft of pinene :— 



Pinene. OfcH,, 








COOH 


#««'<>. 0,H h O 4 



CH-O^CH 
OH» . --OH 



-CH a 


flnonic and C, o H J8 0 3 


B. Relations between ^inene Ind, the p-Menthadie^e 

EBIES.* 

The following are the chief reactions by which it is a£ present 
^■■ribl** to j^ass between the pinene and the monocyclic p-terpene 

impouftds. • * 

1 * 

^ Formation of pinene derivatives from the monocyclic compounds. 

(a) Wallaek showed that when terpineol dibromide is • 
treated with sodium ethylate, pinol is formed amongst the 
products of the reaction. . * 

• 

(ii) Conversion of pinene derivatives to the monocyclic compounds. 

j (a) Pinqpe, with^ dilute hydrochloric acid, yields dipentene. 

y (6) Pinene , with alcoholic sulphuric acid, yield's terpinene. 

(c) Pinene, with dilute aqueous sulphuric acid, yields 
terpin hydrate. 

x / - (dy Pinene, warmed with a mixture of acetic and sul¬ 
phuric acids, yields terpineol. . 

(e) Pinonic acid, warmed with a mixture of*acetic and 
sulphuric acids, yields homoterpenylic methyl ketone. # 

./f/) Pinene nitrosochloride , with jjilute hydrochloric acid, 
yields hydrochlorocardbxime, which is transposed by* dilute 4 
alcoholic potash to eurgone. • 
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f I f * f * 

The production of dipentene, terpinene , and terpin hydrate as 
formed in the above reactions is natural if we'gtont that terpineol’ 
is produced in tjie first place. The remaining transformations 
may be structurally illustrated as follows :V ' * 


.QH, CH, 

i r\ ^ i i * 

CH, fcH, qH» OHj OH 



(SU-OiCH, 

1 * 

Tcrptticoldibromidc 


$». 
/?° r 

pHi ^pHj 

CK^CXJH, 

* * 
llomoterpenvlic 
methyl ketone, 


> CH 


Pintfle nttfosoclilorlde* 


H ydrorlilof ocarvoxi me 


A. 

CH a CH, 

X 

a 94 

Carvone 


( 

II. Derivatives*op Camphor 

A. Thf Properties op Camphor, C 10 H 16 O. 

» « 

Camphor is the most abundant oP the somewhat numerous 
natural ketones of the ^compfsition / 1( >H w O; it is optically 
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active, and in n^ure the dearfrorotatory ftfrm is the more fre¬ 
quently found, notably in camphor oil and leaves, cinnamon 
voot, sassafras J^aves,#and rosemary. l-Camflfor has only been 
noticed hitherto in. the oils of feverfew and of tansy. Camphor 
ts a crystalline compound with a ^pry refreshing and pleasant 
oSour; it melts at 175° and boils at 204°, but even at the 
ordinary ‘temperature it sublimes with great ease. Its specific 
rotatory power is [«J n =±44 , 2°. 

Its chief chemical reactions are as follows :— 


I. Conversion to Aromatic Compounds , 

(i) When distilled with phosphorus pent«qjlc or zinc chloride, camphor 
yields abundance of p-cymene ; this is sun ply a case of dehydration: 

C J 0 H ]6 O -> CH 3 .C 6 H 4 .C a HH-H a (). 

Camphor. * p-Cymene. 

(ii) When treated with iodine, eamphor is converted by mild, oxidation 

9i carvacrol: » 

** • 

C l 0 H J(J O + 1, = CH j. C,jH,i( OH). C ;1 H 7 1-2 HI. 

Cam]iior. Carvacrol. 

Hence, like pin.no, camphor cont^ns mefliyl and isopropyl residues in 
“ para- ” positions to one another, %nd the relative position of tlio ketonio 
group to these is shown by the reaction with iodine ; camphor thus pos- 
seses the following “ skeleton ” of carbon atoms :— 

• • 

yC—a 

^°w' 5 ' c * 


W 

1[. Adoption Reactions 

Camphor does not unite additively with the halogen acids, the halogen* 
or nitrosyl chloride; we ma,v therefore assume that no ethylenic ( bond 
is present, so that, as a satiffated monocyclic ketone of the hcx&hydro-^* 
oymene series possesses tIp formult C w H J8 0 (camphor being CjoHmO), 
we may argue that the camtyliSir nucleus iquA be of a dicyclio nature. 



374 THIRD YEAR ORGANIC CKEMIStRY 

T f _ 


III. Substitution Reactions 

* * V 

Camphor is sufficiently stable to undergo substitution when'treated 
under suitable conditions with chlorine, bromine, sulphuric acid, and 
certain other reagents. Two iso&ieric series of ohloro- and bromo<camphoK<, 
and of camphorsulphonic acids, have thus been prepared; thj isomerism 
is one of positioif, and not due to stcric influences, and the two series are 
known respectively as the ir- (or a-) and /3-substitutcd camphors. * 


e 

IV. Renctioyis of the Ketqnie Group 
(a) * General. « 

c 

fi) Camphor does not unifc with sodium bisr’.phitc. , 

(ii) Camphor yields an oxime (m.p. 118°) with hydroxylamine^a liquid 

phenylhydrazone with phenylhydrazinc, and a semicarbazone (m.p. 236°) 
with semiqprbazide, NIL.CO.NH.NH. • 1 

Camphoroxime, when reduced by sodium* amalgam, gives a mature*pf 
amines (tho bomylamines, p. 383) of the formula C,„H J? .NH a . * 

(iii) Camphor reacts with sodium, forming a monosodium derivative, 

Ci 0 H lS oVa; the latter, by interaction with benzoyl chloride, produces 
benzoylcamphor , C ]0 H| 5 0.(COXVH-). Evidently, then, a hydroxylic (».e. 
enolic) form of camphor can exist, so that wo must accept $hc presence of a 
Icetomethylene grouping, -CH 2 .CO-, in the formula of the ketone,’ and we 
may thus portray it as r * 


c#,A° 

CH, 


(b) Reactions of the kctomethylene group, -CIL,.COin camphor. 

* • ' • ■ • 

c (i) When amyl nitrite and alcoholic sodium ethylate act upon camphor, 
an isonitroso -#ompound is produced. *' « 

# Isonitrosoeamphor (I) is converted to aniinocampJior (II) by reduction; 
to camphorouinone (HI) by the a<9tion of nitrous acid or sulphurqus acid; 
and«to jjwo stereoisomeric tamphordioxime ^ (IV) by interaction with a 
molecular quantity of hydroxylaminc. Aminocamphor, in presence of 
nitrous acid, yields azocam t \or ( Vf [ Vhic^ ^»n heating passes into azo - 
camphypone (VI) and nitrogeA : 
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"■4° ■ 

* CSN.OH 


/ 




C.H, 

'CH.NH, 

til) 00 t 

^minoun^hoi a,*p Q Azocamphor. 

a— 

J^ampho.% ^OmphorquMon. 

' n CSN,OH 

• (fV) 

Camphordioxinies • 
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(if). When camphor ip treated with ethyl formate in presence of sodium, , 
oxymeJiyhnecamphor is produced, and this latter compound reacts with 
hydroxyl^mine to give cyaifficampHor : 


/jo /?° NH * 0H 

H,/j »-*. C.H,a I • 

CH a •+. f^COOEr «=CH<OH» # 

Ovymcthylenccamphor 




fo*4° ) 

\ Ck QHiNOH / 





Cyanocairphoi 


# 

. «a-' : :i) tiodiurp, camphor (the •odium salt of enolic camphor), when heated 
to 288° in xylene (to protect it from atmospheric oxygen), yields campholic 
8cid, Ci)Hx 7 .COOH (p. 380), but, if carbon dioxide is present, camphor - 
carboxylic acid is formed at a much lower temperature : * 






A** 

CHN* <• 


c,h„oooh 

Campholic acid 




C»H 


€ 


>HPOOH 

Caniphorcar'xusylk. add 


i 


(iv) Camphor can* be condensed with aromatic aldehydos, and camphor* 
quinone iyith aminos, when benzal-compounds and anils result: • 


c.h.^1 


r 

CHa 


C.H i« 


c 


C.H s .CHO 


C.H..NH, 

i< * 


.CO 

C.H, 41 • 

C=CH.C*Ha 

(Benzalcamphof) 




C—N.C.H. 
(Fh£DpHminocan)^art 
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Compounds such as .benzaicamphor, phenyliminocamphor, and azocamph - 
anone, which contain a conjugated system of unsatu^ated groups adjacent 
to the carbonyl radicle, arc distinguished by enormous optical activity,and 
also possess extraor&iilary refractive anomalies (e/ t p. 349). # 

c 

II 

V* Reduction 

By alkaline reduction, camphor yields a number of stereoisomeric seebn- 
dary alcohols, the bomeols. We shall return to these* and their Corre¬ 
sponding hydrocarbons later. * 

c 

i 

YI. Oxid/itwvx 

Wh«i eq^nphor is«boiled with dilute nitric acid, the dibasic camphoric 
acid is produced ; this may bcpxidized further to camphanic and camphor- 
omc acids : *' » 

f 

a 

C 10 H„jO -*■ C s H 14 (COOH) a C„H lS O a .COOH (JgH^gOOH). 
Camphor «? Camphoric acid Camphanic acid Camphoronic acid 

(saturated (saturated dibasic (saturated lac- (saturated* t v vr , 

ketone)., acid). tonic mono- basic avid). 

basic acid). « 


B. The Structure of, some Acids, related to Camphor 

« 

Before we can attack the problem of the ultimate constitution 
of camphor itself, we must elucidate those of some of the*acids 
which have been encountered above. Wo shall consider in suc¬ 
cession camphor onic, camphoric, camjphanic, apocamphoric, and 
campholic acids. 1 • 

^ I. Gamphoronic j$cid, C^H^COOH^ 

* 

This tricarboxylic acid, which is the final oxidation product 
<?f camphor, camphoric acid, and camphanic acid, break-down 
on destructive distillation! into carboy dioxide, water, carbon, 
anil a number of aliphatic acids, ghief arsong which are isobutyric 
and trimethylqjtccinic acids« • \ 
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(CH 3 ) s CH.CH 2 .CfOH CO0H.C(CH^),CH(CH :j ).C60H 

■ Isobutyric acid. Trimethylsucoinic acid. 

• Evidently*a group *> C(CH S )- has disappetar^d in the produc¬ 
tion of'the former acict, and, similarly, a longer carbon chain has 
^een destroyed in the case of trim^tlfylsuccinic acid. It therefore 
seems probable that the three carboxyl groups in the above two 
acids represent the three individual acid radicles of camphoronic 
acid! but the £otal qprbon content of the alkyl groups in the two 
acids is*C 9 , whereas that in camphoronic acid is only C 6 . We 
ha^ therefore to fuse these two alkyl residues together, so to 
speak, so as to form a chain containing in all six carbon atoms. 
This c$n 'mly be done in one way : 


bit. 


£ H * 

Y“Coa» 
f 


CHy6*CH # 


I 


COOH COOH 


w 

synthesis of camphormic acid by Perkin and Thorpe (1897) 
confirms this structure (which had previously been suggested by 
Bfredt in 1893) * « 


In presence of purified zfnc dust, ethyl a-bromoisobutyrate (I) and 
ethyl acetoacet|>,to (II) condonse to 0-oxy-aa/3-trimethylglutaric ester 
(III), which is converted by pliorphorus pentachloride to the trichloride 
of the corresponding /i-cliloro-tcid (IVJ. Theater of the latter acid reacts 
with alcoholic potassium cyanide, One chlorine radicle being replaced by 
the nitrile group -CN (V); saponification of this yields aap-trimethyl-p- 
carboxyglutaric acid (VI.; aa/3* trivicthylcarballylic acid), which was found 
"to be identical with camphoronic acid : % 


ch 3 

COOEfCttjCO 

(i) • 

Bp 

CH, C.CH 3 

I 

coot, 

‘III 



Zn 


cm 3 

COOEt.CHjiioH* 

CH 3 ,i.CH, 


9 H # 

COOEt<CH- t C>CV4 


A 

r; 

b • 


1 

CHj-C.CH, 


' U 

4© 


PCI, 


I 

COOEi 


HU} 


CH- 


-C—COOH 


OEt 


COOH 


<VJ 


COOH COOI 

tivu 
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' 

II. Camphoric Acid , C 8 H 11 (COQH) 2 

The following ^points are important in finding th^ constitution 
of camphoric acid V r f 

(i) It very readily (e.g. by simple distillation) formf camphoric 
anhydride, c 


(ii) It is oxidized to camphoronic acid, therbby losing one carbon 
atom entirely, whilst another is transformed to a carboxyl grpup. 

(iii) By fusion with caustic potash, it yields isopropylsyhcinic 
(and other) acids, COOH.CH(C 3 H?).CH|.COOH. 

The re^dy formation of an anhydride indicates that canlffiioric 
a<jid is a substituted succinic or gluttfric acid, whilst the above 
structure of camphoronic acid proVes almost beyond doubt that 
camphoric acid is derived from glutaric rather than from ‘succinic 
acid. T^ic only constitution which,will harmonize this feet with 
the production of isopropylsuccinic acid on fusion of casnph^ic 
acid with potash is 

i 

CH 


Camphoric acid was synthesized by Gustav Komppa in 1903; 
it may be mentioned that recently (1910) Blanp and Thorpe 
disputed the correctness of part of the •experimental work in¬ 
volved in K*omppa’s synthesis. The criticism, however, appears 
to have been somewhat premature, for it was late? entirely 
withdrawn. 

‘The main features of the synthesis are as follows * * 

t r 

Oxalic est% (I) and (3(l-dimethylgluUAic esie^ (II, see below) are con¬ 
densed by sodium ethylate to the ester of 1 , l-dimethyl-'i, 4-diketo-cydo- 
pentane-2,B-dicarboxylic acid (HR This compound forms a moqpaodium 
deriyativo, which by treatment with methyl iodide furnishes the methylated 
cbmpoi/id (IV); reduction of (IV) in presence of a very weak acid (C0 2 ) 
produces a di-secondary alcrhol (V)* which i; h prolonged treatment with 
phosphorus and boiling hydfriodio acid furnifhes the ethylenic ester (Via 
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• 

or VIb). Hydrogen fcromido is united additively frith the latter unsatu- 
<jated* hydrocarbon, and reduction of the resulting bromo-derivative with 

^jnc dust and tfCetic acid yields racemic diethyl camphonte (VII). 

• * 

■ 

The racer%ic camphoric acid obtained from the ester is com- 
.pl^ely identical in properties with an equimolecular mixture of 
the d- and # Z-camphoric acids from natural d- and Z-eamphor, and 
the structure o£ camphoric acid is thus placed be/ond doubt by 
Komppa’s brilliant synthesis. 


COtf>Ei 


coon* 

01 


CH . COOEt 


CO- 


+ CHjCCHj 


OH a - COOEt 
(U) 


T; 


COOEt 


CO- 


CHjO.CHj 

-CH. 


COOEt 


( 111 ) 


amphoric ester) 


CO-O. COOEt 


:r 

j.C.CHj 


CH(OH) 


CO- 


OH,| 

-tCH.CbOEt 

(IV) 

(Diketocampliork ester; 


^i-COOEt 


* OH, 
>-C—C 


COOEt 



CHr 


CH-COOEt 


OH.. C.CH. 

I 

CH (OH)—CH.COOEt 

„ (V) 

(Dioxycamplionc ester) 


0h 3 

-C—COOEt 


CH r 


CH,.C.CH, 


CH 


UL 


0OOEt 




i. 


COOEt 


CH,6jCHj 


(VIb# 


CH 5 - 


-CH-COOEt 


(VII) 
Camphoric ester 


■* It may be mentioned that ftfi-dimethylglutari^ ester has been syntheti¬ 
cally produced from acetone (I) and ethyl acetate (II). These condense 
in presence of sodium to dimethylacrylic ester fill), which by condensation 
with malotfic ester aryl subsequent saponification and loss of C0 2 becomes 
th$ required substituted glutario ester (IV): 


(CH, VCO + CH,. COOEt • 


(I) 


on 


(CH .> a .C ; CH . COOEt 
(HI) * 


' ch, ' a -Q. cH/teoqf A v< r CH ; COOE t 

cHtcoom^J ' 9 ' ch* 


-.. COOEt . 

(nn • * 
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* « ^ 

III. Camphanic acid, C b Hi 3 Ojj.COOH, is a lactonic acid derived from 
camphoric acid by oxidation, and passing by further oxidation to camphor- 
onic acid. In vi<yw of the constitutions of the two lattqf acids, that of 
camphanic acid must be % # * 


c 



IV. Apocamphoric Acid, C 7 H J2 (COOH) 2 . #* 

We saw above that by condensation of f'xalic ester with /3/3-dfmethyl- 
glutaric ester there was formed an ester of the formula ,« 


—«-CH*-COOEt 

' 1 

H a . C.CH, 

a CO-CH-fcoOEt 

* . * *• 

If, instead of replacing one of the hydrogen atoms in this ester by the 
methyf radicle, the remaining stages of the camphoric acid synthesis are 
directly proceeded with, the next lower hfimologue of camphoric acid is 
finally obtained in place of the latter. 'Hie acid in question is known as 
apocamphoric acid , and must accordingly be formulated as 

• «• 

< IHs-CM-COOH 

CH.fC.CH, 

CHj-CH—COOH *' 


V. Campholic acid, C ( ,H J7 .COOM. 

, We have already mentioned that when sodium is heated wfyh camphor 
to 2H0° in an inert atmosphere, and the reaction pi«duct subsequently 
treated with water, campholic acid , possessing the composition C]oHjaO a 
( i.e . C 10 H w (ffH L .U), is produced. 

* The structure of this acid is iryj.de clear by its synthesis from camphoric 
acid, which was accomplished in 1900 by Haller and Blanc. 

tCamphoric anhydride (I) can be reducecSby sodium amalgam to cam- 
pholide (II), in the same way tha# phthaTb anhydride yields phthalide 
by reduction *(<:/. chap. ill. f>. $1). The*la«one campholide unites with 
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hydrogen lAromide to produce a bromo-acid (IlI),'Vhioh by reduction with 
aine dust and acetic a^id leads to campholic acid (IVy: 




-Si 


t 


XSH,. f OH, 


\ 


<—CO 


CM,C.CM, 

CH,-<}H— *c<C 


CHr-gi 

| CHj.Lf 


CH. 


Si—COOH 

! CHg 

CH, Bp 


•CH 


(ID 


CHr 


-S——=%COOH 

CHfC-CHj 


-C<y -CH, 

<IV) 


* O. Th*\ Constitution CAmphor (compare p. 373). 

The following points, brought out in the preceding »secCions, 
are sufficient basis upon which to assign ,a structural formula to 
camphof itself :— • 

(i) It is oxidized to camphoric acid, C s H h (COOH) 2 , in the course 
of t wEFich process no carbon atoms have been removed j^rom the 
mfbleculfe. . • 


(ii) It is a ketone of the type c*n,{ 


c 


(iii) It unitas (to all intents and purposes) with a molecular 
proportioJi of water to fonp campholic aqid. 

(iv) It is easily transformed to •carvacrol (p. 373). 

Arguing mainly from the prdbable constitution of camphoric 
acid, firedt showed in 1893 that there must exist in camphor a 
dicyclic ring-system. ‘Previous formula} tfor camphor,, such ' 
those of Kekule ^1873) and. Kanon niko fir (l'd83), ha*d been con¬ 
ceived oit a monopyclic basis. As indicated above, Bredt sug¬ 
gested th'e formula for camphoric acid which was confirmed ten 
years later °by T^omppa’s synthesis, and he further put forward 
a corresponding structure for camphor : • 


CH,--COOH 

CfMj .O.CHj 

CHy- 

r>mnhcnc add. 

if '* 


.OXHy 

-1h—CO<^ l 

tbonc acid. l) 


CHj 


9CH. 


Campbonc add. jj 

ft 


CH-CH, 

Camphor 


f 
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, * , 

This structural formula for camphor is supported, not only by 
reactions (ii) and (iii) cited above, but also by its synthesis from 

camphoric acid and campholide by Haller in 1896 : 

1 • 

i * 

Campholide unites addi lively with potassium cyanide and forms’a nitrile 
salt (II), which is saponified to h&mocanvphoric acid (III). Calcium homo- 
camphoratc yields camphor (IV) when distilled in a current of caiSSon" 
dioxide : 



CHj 

CH 5 —c -cooy, 

I CH,.C^5Hj P 


CH-CH—CH t ,COOH 

(HI) 


CHf--CO 

| ch 3 .^cH 3 

CH 2 . —CH- -CH, 

(IV) 


D. ^Reduction Produces of Camphor. 

A 

I. Alcohols 

\ 

When camphor is reduced in alkaline media, the corresponding 
secondary alcohol, horneol, is produced, together with a certain 
amount of an isomeric alcohol, kohorneol, 

Borneol , which is therefore represented as 1 ‘ 




occurs in nature in both d- and varieties 

o d-Bot mol is found in the oils of spike, rosemary, and cardamom, 
and l~Bomeol (which is the nfore abundant) in chamomile', tandy, 
citroneha, valerian, sage? and thyme. ^Frequently these alcohols 
are present as esters, especially %a aceffif and isovalerianate. 
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Borneo! resembles caftnphor to a certain extend in volatility 
and t in smell, and is often termed “ Borileo camphor.” On 
oxidation it # reverts to camphor in the first ^place, and then 
,|laturally gives oampfysric acid and the other oxidation products 
of camphor^tself. • 

^Jhe structure qf isoborneol is not definitely proved at present, 
but it is evident that the isomerism is structural, and not simply 
gebmetrical. % « 


# II. Amines 

Wii«n camphoroxime is reduced (compare p. 374), a mixture 
of bornyipminc (of the depended structure) and neobornylaminc 
(wind* possibly corresponds to isobomeol) is produced. t » 


-Stls_3bH NH, 

CH rf° H 3 

. ' I 

—CH—CH, 


19. Hydrocarbons 


When borneol # (T) is converted to bornyl iodide (IT), and the 
latter ‘treated with alcoholic potash, bornylene (III), C I0 H lc , is 
slowly formed; on the other htyid, if bornyl iodide (II) is care¬ 
fully reduced with zinc dust, the saturated hydrocarbon camphane, 
C 10 H lS (IV), Vliich is the parent substance of the camphor series, 
^results: . 


CH,__CHjIOHI ' 9 CH,-S-- — CH 

1 |e I 


CHjC-CHg 

CHj--CH- OH, 

* t 


cy 3 .cc’flg 


CH| 


CH—— CH, 

fill- » 



CH * 


r 

A 
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^ * | 1 

If, however, the corresponding bornyl dhloride or bompl Jyromi&e 

is boiled with alcoholic potash, bornylene is reot formed, but an’ 
isomeric hydrocarbon, camphene, C 10 H l6 , which is found in nature 
in the oils of ginget, spike, valerian, and sftjne turpentines’ and ill 
characterized by being the only solid unsaturated teijpene hydro¬ 
carbon yet observed. It melts at 50°, and ^hen heated wjjfch 
glacial acetic acid and a few drops of concentrated sulphuric acid, 
passes into isobornyl acetate. t ■ * 

Camphene is also produced : 

(i) When isoborneol is heated with dilute sulphuric acid; 

(ii) When pinene hydrochloride (p. 368) is warmed with soeftum 

acetate and acetic acid. . , * 

The constitution of camphene is not well understood ;*»when 
carefully *oxidizcd*it first produces camphene glycol, C 10 H 16 (OH) 3 , 
arfd then (with nitric acid*) camphqic acid, C r H u (COOH) r Jhis 
acid loses a molecular proportion of carbon dioxide where hfeated 
above its melting-point (196°), and apocamphoric acid Remains. 
This behaviour is represented by the following structural 
formulfe : */**’■ 


* 


CioHi, 
Cjmi phene. 


COOH 

CHr——Q-COOH 




h T 


■CH—COOH 


acid. 


OH--—CH- 

I I 

<1 


-COOH 


CH 


■co6h 


A|mcamphot 


The following formul;e have Seen tentatively pgt forward at 
different times for camphene , but, as already stated, there is a. 
In'* 1 ' evidence which 4 would permit of a definite'decision of the 
question at present: * 



(Wagner 1890) (Aschan igio } mmln imoi 


The relations of the tVo borneols to these different hydro¬ 
carbons are schematically repressed below: 
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1 

.1 * ^ 

* j- '-r- Cumphane, C 10 Hn 

* j-> Bornyl iodide 

- * Borvcob, C J() H| 7 .OH -V * *Bornyhnc, 

• 0 1 

Camphor, O l0 T ^-j(.O * l-> Borr^yl chloride 

->- Isoburneol, C M1 Hi7.0H- ^ Camphenc, C 1 o Hig 

* 

,f Pinene. hydrochloride, C^H^Cl L- i 


III. DERIVATIVES OF FENCHONE * 

4 * 

Fcueffi+iic is an isorneride of camphor which is present in pil of 
fennel (as (lexlro-vimcby) .and as Imvo- form (\vitli thujoue arid 
pinene) in thuja oil. « » 0 * * 

Whibt, however, camphor and pinene belong to the p-menthane 
series, fynchone is related to the meto-series; at the same time, * 
fenchone is a “ saturated ” compound in so far that it/does not 
react aciditively with bromine or nitrosyl chloride, and, hence it 
h* doubtless a dicyclic or “ bridged-ring ” terpene. 

The following reactions of fenchone arc of interest from tlie light 
they slied upon its constitution. 

(i) When it*s distilled with phosphoric anhydride, m-cymene is 
produced: a * 

s 


9 C, 0 Hi,O *—+■ 

• * 

Pcnihone 


HjO + 




v 

(ii) Fenchone does not form an oxymethylcne derivative by 

condensation with formic ester in presence of sodium Cthylate, 
nor an isonitfbso-compound with amyl nitrite and sodium? 
ethylate. » * * 

Hence it may be assumed that fenchone does not contain th» 
ketomefliylene grouping -CH a .CO-. * 

(iii) Fenchone is remarkably stable with respect to oxidizing * 
agents, but the intensive action of concentrated aqueous potassium 
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< ^ 

t 

permanganate oxidized it to a variety of 'acids, amongst? wfnch is 
found apocamphoric acid: 

-COOH 

CH *9* CH 3 

„CH-COOH 


Fenchonc is therefore related in some degree to camphor,, in 
that it contains the residue 


o 



CHf&CHj 


t CH j—CH-—CBf 
i f* 
r 


r 


We have to correlate this fact with the above data ihat no 

-CH.j.CO- group is present, and that the carbon atoms Attached 

1 

to the "roups CIIand CH 3 -C-CH ;{ are in the 1,3 ■ (or 


position to each other. This can be done in two ways, each of 
which has been put forward as a satisfactory representation of the 
chemical deportment of fenchonc : 


CHr-mCH ■ — CO CH~ 1 ’>- O 

I i J 

CHjC^Hj I , Willi,.h ,8,8, |H (Semmler .905! 

CH|- -CH—ICIjCH j CHf—1»0» b/CHg), 

Fenchone is a liquid ketone, but resembles camphor somewhat 
in its smell. When attacked by alkaline reducing agents it 
yields Jtnchyl alcohol (of opposite rotatory jrowor to the»original 
cketone employed): * 1 



pH(Ofci 


OH 4 V —4h—QCOH|\ 
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* 

Fenchyl'cMaride results ifpon esterification of tne alcohol with hydrogen 
•chloride, and this ester, when warmed with anilinS, yields a hydrocarbon 
fenelkne, which by addition of water yields a new alcohol, isofenchyl alcohol. 
Jfhis is. exactly analogous to tho behaviour of similar camphor 
’^jnpoiuads:— ^ • 

Camphor -> Borneo^ Bornyl chloride Cam phono -V Isobornet 

Fenchone Fenchyl alcohol -^Fonchyl chloride ->■ Fenchene Isofonchyl aloohe 
CioH^O «C J0 H l7 .OH C 10 H 17 Ch C :o H Jfl . 0 1 ( ,Hj7.0H 

• * * * 


Tlie behaviour of 'fenchene, upon oxidation appears to indicate 
the, presence of a group, > C:CII.„ and accordingly it lias been J 
formujated by Wal)$cli as : 


CH;—CH- 

. I 


-CM, 


CMjCCH, • 

0 • 


-C.CH, 


4> 


.■Hydrogenation of fenchene produces the saturated parent 
hydrocarbon of the fenchone series, fenchane : 


CHs 

le 


*CH- 

I 


•CH, 

■ 


CHji «j.CH, 


CH,-CH—CH.CM-j 

o r 


IV. Relations between the Di^yclio Terpenes c**. 

We proceed tq, collect in.tabular form the chief relations be¬ 
tween the dicyclia terpene derivatives, including the compounds 
chronc §nd thujone , dealt with in chaptorxix. in connexion wjth 
the monocyclic- ketdhe carvone. 
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Kelations between the Dicyclio *Ferpenes 



V. The Sesquiterpenes 

• # 

There are a numberjof hydrocarbons of.the composition C 13 H 2 * 
Toiinti in certain es&enthd oils, and known as sequiterpenes. Very 
little is yet known as to their constitution, and although Wallach, 
Harries, and other well-known investigators m this branch aye 
n6w deVoting attention to this problem,, sufficiently “definite 
'•results have not been announced up to the present for thiS class 
of cornpoutds to be described here in amfdetaiL 9 
m We may mention, however, that whilst the hemiterpene iso- 
prene, C 6 H., boils at 37^, anti the majority of the true terpenes, 
C 10 H 16 , at 170-180°, the sesquiterpenBs are thick oils of much 
higher^ boiling-point (260-280°)?* Mpst of the latter seem to 
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' , •• • • 

.contain two ethyj^enic linkings, and are therefore probably of a 
dic}iclic nature. The chief members of the group are : 

0 , . . 

jGadinene, widelyMistflbutecbin oils of cade, (Jerman and Swedish pines, 
.cedarwood, c*rt)ebs, wormwood, and betelnut. 

% ffanjophyllene , found in oil of cloves. • 

Humulene, from oil of hops. 

Pfltchoultne, from Patchouli camphor. 

■ * • 

A few diterpenes (C 20 II ;3 o) have also been from time to time • 
reported to exist in nature, but at present little definite knowledge # 
exists concerning them. 



APPENDIX TO CHAPTERS XVIII-X.XI 
f . \ ^ 

TABLES SHOWING THE CHIEF RELATIONSHIPS BE¬ 
TWEEN THE MONOCYCLIC, DICYCLIC, AND OIttf 

FINIC TERPENES, AND THE AROMATIC SERIES 

* • - 

I. Aromatic Compounds and Terpenes 

« 

/ (a) THE para-SERlES / 



Type A romalu tries Monocyclic terpenes lheyclir. leijtenes 



r » 
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IU MONOCYCLIC AND D1CYCLIC TERPENES 



III MONOCYCLIC AND OLEFINIC TERPENES 


Type tfonoeyctic • Olefinie (Related to oUfinu) 











INDEX OF SUBSTANCES 

(References In Roniqji type Indicate general or passing mention of a compound; those in 
J(fllicn give the paces wheiu particular characteristics of the substance will be 
found.) 


AdftnACRTYLlIRRA, 105 
Ace to bvomogl u coses, 200 
Acetocliloroarabinose, SOI ^ 
AcetocliHrogalactoao, 001, SO, ■'* 

Acetqofiloroglucosus, 100,SOO, SOI, 000, 
007 

Acetoehloromonoaaccharides, .‘501 
Ace+one diacetic acid, 46, 55 
Acetc-aovlioxalic flWd, 84 
Acetonyl acotoacetic osier, 46 
Aeetony^acetonc, 46, 52 
Acotoveratrono, 151 • 

^cetyltropoincs, 144 t 

aconitine. life* 

Acridine, 17,1*8, 101, 114, ! 15-1IS, 120, 
•125,170 

Acridine yellow, 120 
Aci .dinic acid, 110, 11<4, 117 • 

Aofulinium compounds, 117, lls 
Acridopo, 111, US, ill), 125 
Acroloirt, .ISO 

a A erase, 2S0, (IS7, 20O, 101, 20/ 
Aoylgunnidinerf, 101 , 102 
AoylUtionrens 101, 10! 

Auylurea^, 101^ 102 
Adenijfo, 10/ 

Adipic acid, 141, 225, 270 
Adouito], 201, 20.f, 200, 2N0* 

Alanine, 20S 

Albumens, 54, 206, 2) 1 • 

Aldine, 172 
Aldodiosep, 220 
Aldohoptoses, 220, 20. 7, 200 
Aldoboxoses, 219 222, 4227, 229, 205, 
20SVJI, 240, 21>',-201, 262, 275, 276, 
278,279, 281,005 , • 

Aldopentoses, 211L 200-2oS, 2oO , 251, 
275, 276, 279. m, 299, 305 
A Id ose% 219-223,227-229, 243, 251, 276, 
278, 279, 288, 289 

Aldotetroses, 211k 2/1, '2/2, 2480P, 276 
Aldotrioses, 21 p; 2/7 ^ 

Alizarin, 91, 304 
Alizarin blue, 120 


Alizarin green, 12<> 

A lizarin indigo, 110 ^ 

Alkylammeltdcs, IS, 

Alkylammeliues, IS! 
Alkylbenzoglyoxnlinos, 70 
Alkylchromonosf.ST • 

Alkyl^yanamides, 1S7 
^Ukylglyoxalines, 73, 74 
Alkylguanidinos, 101 
AlkylmdoJs, 55 
. Alkylisonielaimnos, IS', 

1 Alkylisothiocyanates, / << ^ 

1 Alkvlisoxazolos, 65 

I •' 

i AlkyhnolarnincK, IS! 

1 Alkyloxytrinzines, ISO * 

i Alkylpiporidincs, 112 
. Alkylpy razolcs, 68 * 

' Alkylpyridinos, 99-101, It,,}- ln~,, 108 
Alkylpyrrols, 52, 100 
■ Alkyl slilhazolimn hydroxide. 17/ 

| Alkylthiocyanatos, IS7 
' Alkyltbiouieas,- 01 
f Alkyltriazinea. ISO 
Alkylurens, 101 
! Alkylcnoguanidincs, 101 
i Alkylene iniidcs, 10, 18, 21 
' Alkyleno^xidcs, 10, 18, 24 
; Alkylene sulphides, JO, 18, 2L 
! Alkyleqjs tliioifreas, 101, 102 
\ Vll-ylono ureas, 101, 102 
i Allantoin, 107,, 197 
A11 ophani c acid, 10.1 
Alloxan, A* l, 107,, 196, 197„ 200, £01, 
272 

^loxan luonoxirne, 107, 

Alloxanic acid, TOO 
Alloxantin, 105, J!H1 
AllylpyricKno, 105 
-\methyst, IS/ 

Aminosicetfil. 156 
Amimracetic aeiil, 20S 
A mijioacetoveratrone, 151, 152 • 

■Amino-acids, 198, 200, 205-2 ®:,20S-210, 
2114216,314. • 


Qn*l 
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Aminobarbituric acid, H/5 
Aminocamphor, 374, 375 
Aininoglutaric acid, 200 
A minoisocapronic acld-..W, 278 
Aminooxypurine, 20j 
Aminooxytriazine, 137 
Aniinophenazines, IS/ 
Aminophenoxazine, IS1 • 

Aminopurino, 204 
Aminopyridines, 99, 10 4 
Aminoquinoline, H3 
Aminosuccinamie acid, 200 
Aminosuccinic ac id, 20!> 

Ami note tra zole, St) 

Aminothiazoles, 71 
Aminouracil, IDS, ID'S 
Aininovalenddei^'de, 123 
Ammelide, IS7 
Ammelino, IS? 

AmygWalin, 254, 297, Jf>4 
Anethol, 323 

Angelica lactones, 23, .it) * • 
Anhydroecgonine, 137, 145 
Anhvdrogeraniol, 3t;3, .ifit; 

Aniline. 56, 59, 113. 116, 175, 319, 36: 
387 

Anthracene 101, 116,118, 170 
Anthrapyridines, 101, 119 
Anthraquiijolinos, 119 
Apigenino, Ui 
Apoatropine, 14 n , l.j.l 


Azoimide, 23, 24 
Azoles, 10, 62, iff 
Azoxazolcs, 7,10, 77) 

Azoximos, 7, 10, 63, 76 < 

Azosulphiiflfs, 63, 76 

Barbituric acid, If >4, lff>, 198 
Benzalcamphor, 3$ 5, 376 , 

Benzazimides, 79 

Benzene, 44, 81, 98-lOji, 109, 115, 116, 
133,164, 168, 190, 316 
Benzisothiazole, 65 * 

Bonzisoxazolelh, 65 

Benzo- o -diazines, 170, 171 * 

Bonzo- wi-diazines, 171 
Benzo-y;-diazines, 173, 175 
Benzofurfurane, 47 
Uonzof#. odiazoles, 76 
Bcnzoglyoxalines, 73 ’ • 

! Benzoisoquinoline, 118 
Benzolftctones, 30, 31, 83, 146 
l^nzomorpholines, 17S 
. r Benzo-m-oxazines, 177 
, Benzoxnzole, 15, 16, 71 
> : Benzopolyfurfnranes, 48, 49 
■ Bonzopyrazoles, 69, 70 * 

Bcnzrmyridines, 101, 109, 113-11!) «■ 

Benzopyrenes. 82, S3, S7 t * " 

i Bonzopyrrol, 52, 5j * 

1 Bcnzoquinoline, 116, 118 « 

: Benzosotriazolos, 98 


Apoeamphorie acid, 376, .W). 33 j, :IMJ 
3SS 


Apomorphine, 137 

Apopliyllcnic acid, 4*6 126, 138, 147 
149, '156 

Aposafranine, /S.i • 


Arabinic acid, !5f), 309, 312 
Arabinose, 2in, 228, 13H-230, 2',',, >',S- 
233, 259, 260, 269. 277, 280, 288, 29 i, 


2! >3, .lt)3, 312 

tfPrabiosc, 120, 303, 306, ;iOS, if/!) 

* ' f 230, 25P, 233 0 2fl!>, 280 
Arahonic acid, 23>)-!3.i , 177, f 88 , 291, 
295 


Arbutin, 23f, ,(f>4 
Areeaidine, Iff), 126 « 

Arecoline, VfO, 126, 133, 134 
Asparagine, 200, 2Jo 
Aspartic i&id, loo, 210 
Atrolactinie awl, 143, 144 
A tropic acid, Tj3, 141 
Ahstrulene, 367 
Azimides, 7,10, 77, 79 
Azines t , 166,17" 179 C 

Azlaetones, 210, 211 
Azocftmp^anono, 374, 3*75, 376 
Azocatapc ^r, 37 \ 375 


i Benzo-j|i-thiazines, 177 
Bonzo-p-thiazinfls, 17S 
I Bonzotliiazolo, 71 
j Benzotbiodiazolex, 76 * 

1 Benzot.liiophonos, 51, 60 
' Bcnzo^icamplior, 374 
I Benzoyleegonino, 14*6 144 
I 'Benzoyl piperidine, 2If) 

Benzoyl-^-tropine, l f fO * • 

Benzoyltropino carboxylic acid, 144 
Benzyl hroviide, 141 4 
BonzyIhydrocotarnino, l.ffl 
Berbprino, 132, 133, 135, Lift, 137, 138, 
15*, 157 " . 

Berberonic acid, *109 

Betaines, 6, 10, 25, 32, 34, SO, 36, 33. 

40, 103, 112 115, 126, 1^3,*193 
Bionic acids, *>S • ( 


Biyrct, HU, 214 
Borneo camphor, 383 
Borneo!, 320, 321,4*03, 370, 
337, 333 

Bornylauimes, 374, 

Bomyl chloride, 384, 385, 387 


Braziiein, 03, 04 


382-385, 

e . 
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fimzilic acid, 94 
Braid lin, 94 



uoine, 108, 132-134, 139* 137, 

''‘■ '*>5, 216, 264, 266, 777. &», SRf/' 
n-Biltylphtbaljjle, 39 
<Butvric acid ferment % 26'5 
Bufyrolactam, 54 
7 -Butyrolac^on^ 4*39, 4'7, 66 

Cadinbne, 321 j328, 389 
Caffeine, 132, [*9-202, 20% 

Camphane, 383, 385, 388 
Canjphanic acid, 370, 380 
Camp lene, 821, 323, 368, 384, 385, 387, ; 

888,391 

Camphene glycol, 384 • J 

Campjjoic acid, 884 

Campholic acid, 375, 376, 380, 381, 888 j Chromones, 10, 8j, 88, 94 


Caryophyllene. 389 
Casein, 206 

Cellulose, 217, 218, ‘230, 254, 259, 260, 
261, 297, 3/1.3 14, 315. 316 
Cellulose hexamxrate, 311 
Collulose tctranitrafce. 311 
(iereal-celluloses, 312 
ClieUdamic acid, 85, 109 
Clielidonic acid, 84, 85 
Chitaminic acid, 277 
Chitin, 259 • 

Chitoso, 259, 260 
Chloroacridine, 118 
Chlorocaffcine, 201 
Chlorocamphors, 374 
Chloronuinolines, 113, 114 
1 Choline, 36, 39, 153 % 

Chromane, 88 


Chromene, 88 
Chromones, 10 
Chrysaniline, 12) 


Gampholule, 29, 30, 380, 382 
Camphor, 311, 320-323 , 366, 368, 37 i- j Chrvsfce, 92 
37^378-388, 39^191 
CampliowJarboxyli^cid, 375 
Camphor dioximes, 374, 375 


\ Cjpehene, UiO 
I Cmcholoipoiiic acid, 160-102 
Cinchomoronic acid, 107, 8*8, 115, 138, 
160 

Cinchonidino, 132, 133, 13%, 158, 163 , 
289 

Cinchonine, 108, 131-133, 135, 136, 137, 
138, 158, 161 , 162, 163, 164, 2S3, 289 
’ Cinchoninic acid, 113, 159, 10% 

J Cinchoninonc, 158, H‘1-104, 13S 
Camphorsulphonic acids, 374 " j Cincliotenine, 159 


Camphorfc acid, 29, 368, 376, 37S-383, 
888 

Kamphoiic anhydride, 29, 378, 380 
Cainphoronic acid, 376-378, 380 
Cjjjnphoroxime. 374, 383 
Campliorphenylhydrazones, 374 
Camphorquinones, 374, 3i o ^ 


Cane sugar, 217, 21 S 3, 224, 226, 247, j Cinchotoxine, 159, 161, 163 



Carhonylriiurca, 193 
Carbonymtritantarie acid, 46 
Carboscyril, 110. 113, 124 
Carone, 335, 343, 344, 347. 35n, 351, 
387, 388, 391 * 

Coronic acid, 343, 388 

Cai-vacrol, 316. 326, 330, 341, 544*308, 

. 373, 381, 390 
Garvenono, 335 

Cnrvestrene, 350, 351, 353, 390, 391 
Carvorponthene, 3. ‘V, 34^ 349, 353 
Carvomonthol, 320 
Carvomenthone, 326 *, • 

Carvomenthylainifs^s, 326 
Carvone, 323, 325, 328, 335-341, 344, 
•847, H9-351, 353, 371, 372, 387, 390, 
391 

Carvotanaceton§4^*' ? 4#> 349 , 958 
Carvoxime, $3(j <■[ 

Carylainine, 350, 851 p 


Cinnolines, 167, I/O 
Citral, 315, 321, 322, 358-506, 375, 390, 
391 

Citronella! 322, 364-366, 591 •>,, 

Citronollic acidp 364,+160 * r i • « 

CitronoKol, 30 f, 300 
Cocaine, 132, 133, 134, 130, 137, 138, 
14% W 
a-Cocaino. 17/5 

Codeine, 132-134, 156, 137. 161 
Codeine methiodido, 15J 
CMlidinw, 101, 105 • * 

Comanic acid, 85 - 

Conchinine, 132,133, 136 , 158, 163 
Coniceines, 139 • 

CSniine, 126, 128, 131-135, 136 .138,139 
Conyle^e. 128 
Conyrihe, 105, 128 ,138 
jJopellidinea, 101 
| Cotarnic acid, 148 , 



396 THIRD YEAR ORGANIC CpEMISffRV 


• • 

Cotarninc, If/-!#), 150 15f.-157 
Cotarnomethine mothiooido, lJfY 
Cotarnone, 148 
Coumalie acid, S3 « 

Comnalin, 83, J06- % 

Couinarie acid, S3 
Coumarin, 9, 37, 47, S3, 84 
Comnarones, 42, 47, 4S, 65, 81, 88- 
Creatine, 132, 193 
Creatinine, 193 
p-Crcsol, 337, 33% 390 
Cumaraldebyde, 322 
Cumidine, 51 
Cyanacctic acid, 199, 303 
Cyanacetyluroa, 199 
Cyanamide, JS7, 190, 192 
Cyanamine, IS3? 

Cyanic acid, ISO, 193 
Cyanidines, 9, 1(37, IS.}, 1S5 
Cyanc*anjphor, 373 
Cyanphenido, ISO 
Cyinuric acid, ISO, 137, 197, MW* 
Cyanuric chloride, 1X7 
Cyclocitrals, 303, 30} 

Cyelolio) >tadieno, 1}! 
Cydohoptamethylene, 139 
Cydoliepta^ricne, 1}1, 1} l 
Cydoheptenc, 1}1 
Cyclohexannl, 33} 

Cyclohexanones, Js.f 
(,'ydohexoscs, 3S1-33/, 

('ycloses, 337-33'} 

m-i 'ymene, 316, 317. 820, 350, 3S.~>. 

390 

//-Cymene, 316, 817, 820, 323, .HO, 

3} l, JhS, . if IS, OSS, 30(1 
Cystine, loo « 

Datjscetine, 93 
I )ecah yd ro< j u inol i no, 133 
Dohydrnoetic add, J}, S3 
^ehydroUiiotoluidine, 73 f 
«&}0 
Dextrose, 33} $ 

Diacetosiifi-inic acid, }0 
Dialuvic acid, 193 
Diaininooxytria'/ine, 137 t 
Dinminotriazinc, ISO 
Diaminouracil, 199 
diastase,*#*,'', till 
o-Diazines, 8,107, 170, 171, 172 
/rt-Diazines, 8710, 167, 171, 172, 190 
«-Diazinos, 9, 167, 773 
lliazoacetic ester, 14, IS, 33 
Piazo-compoiv ds, aliphatic, 1(| 18, 

24 * 

'Diafcoimidea, aliphatic, 24 
Diasfome^hane, y, I.}, 17, 33 


m 


ISS 


•' • < 


t 

22 


• * 

; Diazo-oxides, 7, 10, 76 
i Dinzo-sulpliidos,*7, 10, 76 
I Diazotetrazolo, SO 
! Dibenzodiazines, 167, 100, 175 
I BibenzofuiCiminoa. 49 
i Dibof//.o-p-o$azin<ls, 167, 17S 
Dibenzo-p-thiaSines, 176*17 S ' 

i Dibcnzopvrones, 33, 34*82, 86, 87-901 
j 93 • • 

\ Dibenzopyrrol, 55 , 

\ Dibenzothiazines, 167 * * 

l Dibenzothiophene, 5f * «. 

\ Dibenzothiox*ne, JOS , 

' Dichloro-oxypurine, 301 • 

♦iotlioxythioxano, 166, 16S * 
Diothylonedioxido, 8,11, 166 * 

1 Diethylonedisulphide, IS, 31, 1Q6, 16S 
i pietbyUne oxide sulphone, JOS 

ligitalin, 261, 3.04 * , t , 

i Digitogenin, 30} 
i Diglyqjde, 31 

\ Dihydroaoridine, 121, 135, 176 
i rthydrobenzo-p-diazinos, 774 • 

Dihydrobenzo-a-triSzinos, 1S3\ * 

J) ihy< 1 rol >enzo-/9 -triazin os, ISS 
Diliydrocarbostyril, 135 • 

Difiydrociirvcol, 337, 33S, 3}l, S}9, 3*3 
Diliydtoearvonc, 335, 3}<^-3}3,*l 50, 356, 
Dihydrocarvoximo, 350 
Dihydroearvylamine, 351 ^ 

Dihydroisoquinolines, 133, 149 
Dihydro-osototraziiifis, ISS # 

1 )ibydr*]>henanfrlm< lines, / 15 
Dihydrophenazino, 170, 173 
Dihydroj>vrnzines, 77S 
1 )ihydropyrid;izincs, 770 
Di by il#jpy rid i nos, 131 
1 Jiliydroquinazolines, 773 
Dihydro<juinoliiios, 133 
Dibydroipiinoxalinos, 1'i4 c 
Dibydrotetrazincs, IS ,. 

Di hydro-//* ^xylene, 357, 391 
Diiodopurine, 3<>3 
Diisatogcn, 59 

DikdtoapocainphrA'ic ester, 379 
Diketocamphorie, osier, -179 
Diketoheviiinothylene, 3S3 
7 -l>ikctonc», 42, 45 , > 

Dikctotetr.vhyflrotet a/.inca, ISS r> 
Dilituric acid, 195 
Dflnethoxytaornocatecbol, 150 
DiniethoxyisoqmnojBK?, lftO 
Dimethoxystryclinino, 164 
Dimethylallcne, 355 • ‘ 

Dimethylalloxan, 0 3>X) 

Diraetlfylaticonic acia^JZ 
imethylaziothane, 78 
Dimqfhyldioxypurines, 20.} 
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Dimethylfurfurano, 40 
•Dimethylglutario acid 0578-380 
Dimathylitaconic acid, SI, 355 
Dinuffchylhuvulmic acid, 344 
DimethylmorpHol, 153 • 

Dunothyloxamide, • * 

Dft^fchylparaconic acid* 330 
■l)imeihylpyrc*es, 83, 85, 102 
T>i»othylsulphide, 

Dimethyl thetiue, 35 
Dimethylurta, 902 * 

Dimethyluric jviid, SOI 
Dinicotinic aem, 108 # 

Dinitrodiphonflamiuo sulplioxidos, ISO, 

Dio*k 21*, 220, 230, 245, 240. 219 20*5, 
2Of 271, 205, 200 
Dioxc/ics, 166, 167 ^ 

Dioxla'W, 5?, 58, ~ * 

Dioxytotctone, 210 , 2'/7, 248, 267, 272, 
273, 287, 200 

©ioxycaniphoric ester, 370 '* 

Dioxycitvoncllal, 305, 300 • 

Hoxyjin^Joic ncid^A^tf, 2)4, SO 1 ! 
lioxyprienniithrone, 153 
)ioxypuj;mos, 20/, 304 
lioxypyridiues, 100, 107, 121 • 

Dioxy tart uric acid, 274 • 

Dipon tone, 32§, 321, 322, 320, 333, 33}, 
3}0, 347-351, 353, 354, 356, 303, 511, 
V72, 300, 801 
Dipoutcno dihydrohromide, 3}7 
Dip jptidcs, 207, 211, 212, 215 • 
Diphenylcne-o-diflulphulc, 108, 100 
1 Hphcnylene-p-dwulplndc, 100 
Diphenylcno oxide, 40 
Diphonylouc .sulphide, 51, 86 9 
Diphcnylphl halide, 32 
Dipicolinic acid, K>8 _ 

Disaccharidcs, 218-220, 222, 254 , 261, 
W7,405-300,H\\ 

Diterpcnes, 317^ 380 
Dithiophene, 51 • • 

T)ivinyl, 54, 267 
Dulcitol, s 207, 271 , 281, 203 
* 

JScqonink, 130, 137, L/'), 144, J}5 
Edcstin, 207 

Emulflin; 221., 301.303, 4>4, 307, 311 
Enzymes, 215, 229, 249, 261, 289, 302- 
304, 307 , • 

Eosin, 34 ■ ' ‘ 

Epichlorhydrin, 4^4, SO, 272 
“ ' ' ." 208, 269, 274 


Erytlirose, 219,#/, 242, 248, M>, 273, 
274, 877, 205* - 

Erythrosin, 34 * 


I 


Erythrnloso, 267 
Etholides, 208* 

Ethylene glycols, 167, 272 
Ethylene irnide, G§21, 24, 173 
Ethylene oxide,6, 14, 17, 10 
Ethylene sulphide, 18, 21 
_ jjthylgalaetosidcs, 301 
Hthylglucosides, 301 
•Ithylpyridines, 105, 141 
'Ithyltricarl>al!y 1 ic acid, 74 
Uugcnol, 322 

•jiirhodincs, 180-182 * • 

Wurhodols, 180, 181 
Euxanthiuic acid, 03, 278 
iuxanthono, 03, 278 

Fknchane , 387, 388 % 

Fenohono, 387, 388 
Funclmuc, 322, 307, 385-388, S'.m 
Fenehyl alcohol, 380-388 • 

Fenchyl <-hlorr<It* 387 • 

Fiseti^e. 02, 251 
^lavnuilme, 110 
Flavoiies, 88 , 00-'. >3, 95, *251 
Fluorano, 32, 90 
Fluorescein. 33, 3j, 90 
Fluoritncs, OO, 97 
Fluoriudcncs, ISO, Is} 

Fluorones, !k> 

Formaldehyde, 219, 2}5, 3fi, 203, 271. 

280, 280, 287, 289, 301, 2M 
Formose, 210, 203, 380 • 

Fruct<icolhiloses, 31.1 
Fruetohopto.se, 220, 200 
Fructosancs, 313 
Fruetosazono, ‘2.}3 

Fructoajj, 210, 224, '230, 3 }3, 34 }, 35 f, 

1 2 >5, 258, 260, 202, 203, 265, 266, 276. 

271, 280, 280, 387, 289, 200, 201, 3o5, 
300 , 300 , 312, 313 
Fruit sugar, 262, 2S5 
Fuchsia, ^8} 

Furfuracrylic acid, 4L‘ _ .. 

Fir fund, }2, 41, j5, 2*3, 250,2mT%6i\ 
Fvrfurane ,.}, 7,10, 12, 16, 42-44, 45, 49, 
62, 66, 81, 98, 166, 249, 263, 278, 280 
Furfurano carboxylic aeitls, -fj, 279-281 
Furfuryl .Hcohol, 48 , . 

Kuril, 40 
Fyroazoles, 63 
Furodiazflio.s, 75 
Fuvoids, Jl2 
Furoin, 4 r > 

(fALAQJANES, 201, SIS 
Galaet»mamianes, SIS * 

Galactonic acid, 201, 277, 203, 294 
•Galactonio lactone, 201, 203 | 
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Galactose, 210, 238, *40, 241, 251, 254, 
201, 265, 270, 271, 277y278, 280, 281, 
289, 201-294, 295, SOI, 304, 90S, 90S, 
310, SIS 

Gallic acid, 148 - 

Gallocyunine, 1SI 
Gelatine, 20S 
Gentisine, 03 
Gorunial, SGI 

Geranic acid, 353, 350, 304, 900 
Goranio-citral, SOI 

, Gerwniol, 350-302, SO4, 300, SOI 

Goranyl alcohol, SOS 
Glucocelluloses, SIS 
Glucoheptitols, 200 
( Glucoheptoriic acids, 205, 200 
Glucohcptonic lactones, 200 
Gliioohcptose, 2-0, 200 
Glucoinannancs, SIS 
Gluconic acid, 225, 223, 255, 250, 270, 
277, m,<!0<>, 201, 202, 20}, 303, 310 
Gluconic lactone, 150, 259, 200 , 
Gli’cosamine, 250, 200 , 277, 278, 23/ 
Glucosaminic acid, 200, 277', 23/ r - 
Glucosancs, S/S 

Glucosazonc, 213, 2/'/, 255, 259-261, 202, 

m, 201 

Glucose, 5<V, 217, 218, 210, 22 ' f -223, 235, 

!233-244 , 248, 250, 251, 25}-20l, 262, 
261, 270^276-278, 280, 281, 288, 289, 
200, 201, 292, 295, 207-300, 310, 312, 
313 o 

Glucosidos, 90, 91, 134, 222-224, 250, 
251, 254, 261, 265, 207-30} 

Glucosone, 202, 29/1 
Glucurono, 278 
Glucuronic acid, 93, 255, 273 
Glutaconiniide, 100, 1(17, 121 
Glutaminic acid, 200 
Glutaric acid, 201, 279, 378 
Glutariinide, 123 
Glyceric acid, 272, 273 
"Glyceric aldehyde.. 2.}1, 22/3 
*\5rlyceridofe, 189 ■ ‘ 

•Glycerol, 247, 2}3, 264, 200, J37, 272, 
273 30t) 

Glycorose, 2/0, 247, 2,}S, 267, 272, 273, 

‘ 2S0, 287 20!, 200 
Glycide, 2d, 272 
Glyeidic acid, 272 
Glycine, W*7, 214 / 

Glycocoll, 197ftl98, 201, 20S* 213, 272 
Glycocyamine, 102,193 
wlycogen, 312 

Glycol, Wo 2T0, 267, 200, 367 * c 
Glycclacetal, 240 v 

UJlycollic acid, 01, 195, 226, 262, 271 
Glycollictfddehyde, 219, 229, 240 


! Glycollid&, 166, 167 
1 Glycolose, 246, 360, 267, 271, 272, 274,- 
■ 200 

\ Glycolurea, 105 n 

Glycoluric ^cid, 196 
Glycqlglyciifo, 21j^ 

Glyco-proteinsf 130 
Glyoxal, 246 

(Jlyoxaline carboxylic acid, 74 ' # *' 

Glyoxalines, 7,10,11,16, 40, 63,64, 71, 
72, 73, 171, 190 - / 

. Glyoxyldiurea, 105 t 
j Gnoscopine, 1#9 \ * . 

i Granuloso, 311 V 

' Grape sugar, 217, 254, 260, %% 

1 Guauazole, 70 * 

1 Guaneides, 102-10// * 

Guanidine, 80,186, 10J, 194,195,''201,202 
GuanidCacetic acid, 192 
Guanine, 100, 201, 202, 204 
Gulonic acid, 201, 277, 201-294 
Gulonic lactone, 250 
Gjilosazonc, 243 

Guloso, 233, 230, 24fc 250,261.219, 277, 
231, 288, 290, 201, 295 
Gulosone, 203, 201 
Girin ambic, 220, 250, 313 
Gums,, 218, 220, 221, 250, 261, 265, 2o0, 
311-3/3 J ‘ * 

HiUMATElN, 03, O'/ • 

Ibematoxylin, 0} 
flolicir, SOS, 30 ^ 

Ilcmipinic acid, 1}6 
Hemiterpenes, 30), 354, S33 
Hcptosos, 220, 230, 235, 205, 206 
llespurodin, 251, 304 
Hosperetin, 251, SO4 
I Heteroxanthino, 204 
liexahydric alcohols, 221, 222, 224, 225, 
270, 271, 270 

Ilexahydrocinchomeronic acid, r60 
Hoxahydrocymenes, 317, 324 , 220 , 373 
Hexahydro-i/i-oxybenzoio acid, 351 
ITexahydronicotine, 129, 130 1 
Hexahydrophcnol, 233, 234 ' 
Hexahydropyrazmes, 172, 173 
Hexahydrothymol, 325 
Hexaoxyhoxahydrobenzenes; 28 t-234 
Hexoic acid, 225 <v » 

Hexoic esters, 321 

Hexoses, 2*?, 220, 223, 226-230,233-235, 
238-241, 2i6-mf!tf4-265, 270, 275, 
278, 280, 287, 289, 290 - 294 , 296, 299, 
306, 309, 310, 312 * 7 

| Hexyl iodide, 225 K 
LHippunc acid, 210 
pEomoatropino, 140 
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Hoinocamplioric acid, 382 • 

Homocatochol, 160 
Hoinometaliemipinic afld, 3} 
Flonuiprotocatochuic acid, 161 
Homaterpeuylicfacid, 330, 331 
Flotnoterponylic methyl ketafte, 330,33 /, 
,71,37b . . J 

JlonTNflratrac §cid, 131, 162 
ilumulenb," 380 


WUU1UIV1AV| g 

‘ Hyaantoin, 10If, 105, 190 
Hydrasiine, J32|138, 130, 138, loo, 150, 



UydrohyffFastininc, 155, 150 
Hyoseine, l}o 
Hyos' ''.amine, t}0 
Ilypoxantbino, 201 


J no.vie acid, 201, 217, 303, 10} 

Tdose, 201, 277, 278, 20J, 303, 20} 
Imidazole, 63, 71 9 

Inda (tunes, ISO, AtfcL 
hvhv/Ancf 18} 

I ndazole, 00 

Jndican, H5 , 25,}, 297, 3(V} # 

Indigo, 4~) 54, 55, 50, 58, 50, 00, 67, 91, 

. '*30/ f • * 

Indigo brTnvn (indirnbin), 60 
indigo carmine, 60 
Indigo red, 60 
IndigDuIttin, 55, 30} 

Iiidoanilines, ISO * 

Indol, 0, 15, 43, 52, 5A, 56, 111. 137,16 i, 
209,210 * 

Indol carboxylic acids, 55 
Ir.dones, 18o\ 18} • 

Indopbenols, ISO 

Indoxyl, 56, 58, 59, 15.}, 30} * 

Indoxyjjc ester,*56. <7.v 
, lndulilles, 167, 182-18} 

Inosites, 281-283 # • 

Inulins, 202, 312 
Irivertasfa, 220, 301, 311 
Invert-sugar, 300 * 

Jodol, 52 0 

/Modopropionic ostor, 331 
lononos, \'JO300 A 
Irone, *30.} 

Isatin, 17, 42, 50, 56, 57, 58 
Isatin chloride, 58 
Imtogonic acid, 

Isatogenic ester, *22 
Ishtoxirire, 57 
Isindazolc, 70 M 

Isoammclines, Wf M 

Isobeuzof eirfurane, 48, 49 


Isobornool, -338, V182-.185, 387, 388, 301 
Jwobornyl acetjate, 38} 

Isocaprolactono, 20, 31 
Isocarbostyril, 115, 121 
Isoconic acid, 31^ * 

Isocoumarins, 81‘ 

Isocyanie acid, 180, 161 
Mbcyanuric acid, ISO" 
lsodehydracetic acid, S3 
Tsodialurie acid, 108 
Isodulcito, 251 
Isofeneliyl alcoiiol, 38%, 388 
Isomolamines, 187 * 

Isnnieotinie acid, 107, 10X 
Isonitrosocamplior, 37.}, 315 
fsoparaconic acid, 31 
J I soprano, 310, 32/0, 35}-J50, .188, 100, 
j 301 \ 

• \ iMipropyltsuccinic acid, 378 
! Inopulegol, 305 


Isopiilogono, 305 1 • 

Isoqumoliiu 1 , 11, 17, 101, 10?, 1U9. 11}, 
1/5,12$, 121, 126, 133. 131, 110 US, 

1 ^50,156, 157, 171 
Isorbainnouic acid, 2 /, 213 
Isorhamnose, 1JO , 251-253 
fsosaccharic acid, 281 
Isothiazolcs, 7, 10, 63. 64, O-'P 
fsothioeyanic acid, 181 , 191 
Isotbiocyanur-ic acid, 187 
lsothioninc, 181 

Lsovaleraldohydc, 200 0 

Tsoxazoles, 7, 10, 63, 0 .}, 65, 75 

Kajhuune, 115 
1 lvetoulcohols, 225 
Kotodibyi roacridino, 125 
^KctodiJ^r roisoquinoline, 121 
Ketodihyc roisoxaznles, 65, 176 
K c tod iby d roj di cnanib ridines, 125 
Kctodihydro-o-oxazine, 176 
Ketodihydrupyridinos, 123 * 

a-lvctodihVdroquinazolmc, 171 
(3- Kotodihy droquina Aline, VI& 

Ivotodili Jdro<] ninolino, 121 
Kctoheptoses, 220, 200 
y-Ketokexahydrobenzoic acid, 351 
5- KetohcxHaydrobenzoic aci^, 332, ,^13 
Ketohcxoses, 219, 227, 243, 2.}}, 202, 203 
Eetopontcse% 250 » * 

KetopipeAdine, 122 
Ketoses, 232, 223, 243, 29B, 296 
Kctototrahydroglyoxalinos, 192 
K^totetrahydropyridinos, 121 
Kntotefcrahydroquinoliiies, 125 
Ketotelrosos, 2 } 8 , 2}0 
Ketotrioses, 219, 248 
•Kynurin, 113 
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Y-L,voTiM8, 7, 10'29, 83, to, 106 
5-Lactams, 8, 113, 125 * 

Lactic acid, 265 
Lactic acid ferment , r 'iiiii 
Laetides, 107, 247, 30£ 

Laclobionic acid, 308, 310 
Lactones, 25, 27, 20, 27, 40, 41, 74, S,», 
133,148, 217, 228, 247, 255, 263, 27 b- 
279, 380, 381 
/3-Lactones, 6, 10, SO 
7 -Lactones, 8 

5-Lictonos, 7, 10*,.'/, 28, 256-259 
c- Lactones, So 

Lactose, .110, 25), 28/, 280, .Soil-.SOS, .Sou 
Licvitlinic acid, 223, 263, 356, 360, 362 
Lievulose, 262 
Laurie acid, 322' 

Lauth’s violet, IS,! 

Lecitli-albumens, /S'.) 

Locitlfiiw, 39, JSO 
Lopidino, J f tJ ft SO 4 ‘ 

Leucine, 207-200, 211, ■!, S . * 
Lichcuin, ,!/.! t 1 

Lignooellulosus, .SI.! 

Limonone, 320-323.3 !U, 2)0-S)S, S5S 
Linalool, 321-323, 346, 2fl, .USD, ,101, 
363, .V SO 0U1 
Linaloolone, -SO-t, ,SO(> 

Linalyl acetate, SO/, 202 
Linalyl estfers, SO.! 

Loiponip acid, IOO-JO.! 

Lupetidiues, 101 
Luteoliue, 0.1 
■ Lutidincs, 101, /"* 

Lutidinic acid, ft>S 
Lutidoncs, ftO 
Lysidinc, hi 

Lyxonic acid, 252, 2} 7, 293, 20), 2! >5 


MannoluSptose, 220, 2<S0 r 
Mannonic acid, XO, 20 f, 22 }O, 277, 200.. 
20J, 204 ® 

Mannonic lactone, 201 / 

Mannosaccharic acid ,!%'/, 200,28a, 28 



Mannosocolluloses, 260, S/S 
Man vine, IS 4 - r 

JVloconic acid, S'4, 85, r!5, /40 >' 

Meconine, 132, 133,’14i, J' f O, 147, 149, 
150 ' \ ‘ 

Meconinic acid, 1)0 c 

Mclniu, IS7 

Melamine, JS7 • 

Molanuric a< M, JS7 n> 

■M el 0 rtMj) iS7 

M elibionic acid, .SOS ,, 

Molibiose, 220, 205-200, 310 
Mellow, 1S7 , 

/U.-Mcntliadioncs, 2)0, 25/, 356 
p Mcnlliadicnos, 317-.328, 335, S5i\ .1)5- 
2)0, 350, SO!, 36\ 371 ‘ * 

/H-Mentliane, 321, 328, 385 
//-Mcnttiano, 317, 324, 226, 327,335,353, 
385 % 

Mentl/anus, 317* 

I p-Mentheiics, 22}, 2!S, 335, 2'/), 252, 

Menthol, 323, 22',-228, 252 
Mcnthw/ie, 20, 320-323, 225, 220. 225, 
2)5, 252, 200« 


Menthyla mines, S(0 
Montliyl chlorides, 22 
Mcroipiinene, /50- ft!2 
, MesilcMic lactone, 2a 
Mesityl oxide, 2)8 
Lyxeso, 2/0, 220-!SS, 251, 252, 269, 277, jiMosoxalic acid, 195, 2!2, 27 
280, 290, 20), 205 Mesoxalylurca, 105 


Metalicmipinie acid, SM, 138 o 
Mcthoso, ^sv; ^ 

Motlironic acid, 4 , ’> 
Methylacctylcyclolicxanotie, 2)1 
Metliylacridines, T /S 


/3-Motliyladipie acid, 225, 22) 


'HIaudaea red, 184 
•Malie aw 2 ) 2 , • 

Malonylguanidinc, 105, ft)'! ij 
Malonylurca, 105 
Maltobionie acid. SOS, 310 

Maltose, 220, 25',, 280 , 298,. 205, 200 , Metbylaldoses, 223 ' ” 

NOS, SO!'., 311, s!! Mothylalloxans, 100 200 

’ ’’ ' ’ J ' Methylarabinke, 252 

' Methylarabinosidcs, SOI 

Methylbut^ucotio acid, 226 
Methylcy olohexan <&)/%'£7 
(Mannitol. 220 , U.), 200 - 202 , 265, 270, Metliylcydohoxanone, 227, 328, 345 

271, 281, 2 S'\ JHJ, 201 , 204 * Methyfdioxypurine, 204 C 

Man ij of rue tosanes. SIS | - 

, Manaioheptitol, 200 

• if_1_j_• . - ; i 


Maudelic acid, 1 ) 0 , 144 
‘jVlandeloilitrile, 134 1 

M annanes, 2 JJ J 

Mannin, 3/2 


Mannoheptonic acid, 200 


iioxypurme, 

Methylene blue, 167 c 181, 182 
Methytenedioxyisofju^ plino, 150 


. f'JVIethyleneitan, 280 
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•Methylfurfural. 23J % 
Methylgalaetosidbs. 201 
Metliylglucosides, 208-201. 306 * 
Mothylglycerosc, 2J0, 2 }S 9 
Afqthylgly cocoll, lU.S^Ki. ttOS • 

)• ■ I*»i£hvlgl> oxali|lint*, S3 
'dothyrS&ptenmte, 222, 220-258, 

. m , 20 J • 

Methylhcpto>«o«^220. loO 
MelhylhexuAis,%19, 220, 102, 20} 
Aletlivlbydaiitcln, d93, ino 
Methylketose<#223 • 
Methyhmvinojfdos, .So! 
Metbylim^phimeihines, 122 

pentose^, 219. 250, ini. 222, 263. 

Mothy lpyrrolidinc, 22, 126, 227 ^'2 hi 
AtOfchyk|itmolines, 112, \<>o 
Methyirbamnosidos, 201 
Mothyhiho.se, 222 
TBcthylstryohnine, 102 
Motl^dtetrahydromiiuoliucs, 122 « 

Mctlndteirose.s, 2"f* 

Methylt noses, 219, 2}8 
A utliyltrspane, 1}1 
Mothyltropidino, 1j2 "> 

lUelhyluraeil. /Of. 102 PO^ 
Metbylui-pas. foO, 200* 

Alethyluric acids, 100. 200 
if^thyl-^-uric acids, 100 , 200 
Methylxylusides, ,>01 
Moii.izolos, 61, 72 <• 

Monosaccharides, 2/2-22}. 220-220, 2}2- 
221. 283-20}, 310-813 

Mo noses, 219, 300 
Merino, 02 j 

Morphine, 181-138, 120. 137, 145. lid 
122-122 
Morphoi, 122 
l\Toi*phdHne, 12.fi 167. 117 
Mneie acid, 1/2, 7,0. 49, 52, 180, 201, 2SO. 

2S1, 283, 202 • * 

M*icus ferment, 202 
Murexido, 107 > 

Muscarine,'39 

Mustard oils, IS}. 254 

Myrceno,. 322, 202 

Myricin, 201, , q 

MyristAldehydS, IfO 

MyriBticin, 11/0 t i 

Myronic acid, 22}^0) 

Naphtha cn]DiN.’"8, 119 
Naphthalene, 101. 109, 316 
Naphthol blue, llJP- 1S2 o 

NaphthdquinolilBs, 119 
Naphthyl violet, 182 * 

Narceine, 132,133, 120, 147, tin * 

26 * 


Nareotiue, 40,’ 132-135. 120. 137, 138, 
115, 146. 11,1 , Ip, 1 do, 155, 156, 157 
Narcotine me1hio#de, 12o 
Naringonin, 20 
Nnrimfin, 20} 

IWiohornvlamiiHi, 282 
No pal, 220, 201 
Nero-citral, 201 
Nerol, 200-201. 200, 20/ 

Neryl acetate, 202 
Xcurine, 39 * * 

Nicotine. 71, 120, 12o, 131-134, 

120, 137. 133 

Nicotinic acid, HO'. 108. 114, 129, IhO 
138 

Nieotyrinc. 129. 130, 18S 
Nile blue, 181. 182 % 

Nitrohavliituric acid, 102 
Nitroerythritol, 26” j 

o-Nitrophonylprojiiolic acid,'22, 50, 

N itrosgatyiinoi iraeil, 100 
i Nitrouracil, 108 ! 

NStvous oxide, 24 
Nitnnamllin, 153 
Nonoscs, 235, 265 
Nucleic acid, 205, 206 , 

Nucleo-albumons, ISO , 202, 200 . 201 
Nucleo-proteids, /OH, 190, 205, 206,250 

) 

Octane, 12$ 

Oetodccapeptidc, 11) * 

Octosos, 235, 265 

Upiauie acid, 137. 138, l}0, 147, 155* . 
157 

Orccllinic acid. 267 

Osa/one^, 222. 223, 227, 236, 240, 243, 

► 246, 219, 252. 253, 259, 261, 266, 288 
Osones, 222. 288 
Osototra/incs, 9, 167, 188 
OsotetrazQnes, 188 

Osotria/ol |s, 7, 10, 63, 7 7, 78, 18} ^ 

Oxalacetic vstor, 2oO+ 

Oxalontig, 1!«> * 

Oxalurie acid, 100 
Oxalylurca, I02 
o Oxnriues 8, 11. 167, ISO 
w-Oxoanc?, 8, 11, 167, ISO, 17S , 

p-Oxazines, 9, 11, 133, 145, 152, 153, 
V35, 1G7. 1*6, ISJ -> * 

Oxazoles, ,y 10, 63, S t 
Oxcne, 82, i67 ^ 

Oximes, cyclic, 18, 22 „ 

Ojyndol, 27, 58, 70 
Oxyacr'iines, 117, 118 
»i-Oxybenzoie acid, 300 » 

p-Oxjr&enzoic acid, 300 * 

Oxybiazolines, 77 ■, 

Oxyeingplines, ISO * 
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Oxycoumarins, 84 
Oxydiazoles, 7, 10, 03 
Oxycthyldimethylanine, 153 
Oxyflavones, 01, 92, 95 
Oxyguanine, 202 
Oxyisoquinolinc. 112 
Oxymetkylenecamphor, 27 5 
Oxynicotino, US 
Oxy nicotinic acid, loo 
Oxyphenazine, ISO 
Oxypicolinic acid, 0*0 
Oxypiu'ino, 20' t 

Uxypyridines, 80, 99, H)■>. to*!, 123 
Oxyquinolincs, 110, 112 
Oxyquinonos, 283 
Oxythionaphtlienc, 21 
Oxythiophenos, *49 
Oxy-p-toluic acid, 227 
Oxytriazines, ISC 

Palmitic acid, 189 


Phenantkridone; 110, 125 
Phenanthrolines, 10, 119 
Phenanthrophonazine, 02 \ 

Phenazines 11, 15, .10,’ 107, 170, II*, 
178 179, a $4 r' 

Phcnazone, I/O, 17 1 

Phonazoninni, 179, 182 ^ ‘ 

Phenazo-oxoniunf, IS,I t 

Phenuzothionimn, ISO, IS I 
Phenolphthalein, 2*., 2[,, 2? 
Phenoxaziuo, 14, id*. 1*8, 179, 189 
Phonoxthine, 8, 11, I'/, ' 'OS 
I’liciithiazincs, 167, US, 1/9 
Phony I acridine . 117, IIS , 
Phenylalanine, 208, 100 ' 

a-Phenylchroinones, SS 4 

hi _i!_i_sitl.il r.n ' 


Pheny unii n oca?,n ph or, 212, 27 C 


Pheny 

Phony 

Phcn/l 


I UVlUj LU«7 4 l UVUJ 

Papaverine, 132, 133,135. 120, 137,138, Phony 
145, 147, 120 -/ 2.1 ‘ Phony 

r*_i_* '_* l iftjf i~ 1 m' ni.. 


Parabanic acid, 194, 102, 196 
Paraconic acid, 4, 28. SI, 74, 339 
Paraldehyde, 100 
Paranuclein, 202, 2<J0 
Pararosanilinc, 121 
Parasorbitfacid, 20, 27, 82 
Parathianthrene, 106, 100 
Paraxaifthine. '20't 
Patclnmlone, 280 
, Pcctinic acid, 2/2 
Pentaeelluloses, 250 


Phony 


irlyc-ocoll, 20 


lind azole, 70 
[methyl pyrazoles, OS 
methylpyrazolones. OO, 07 
phenazonium hydroxide, I'j2 
pltenolpht,Iconic, 2,1 , 

quinoline, 112 


Phloretin, 20j 
Pt.loridzin, 20' f 
Phlor^ptlucinol, 1>I 
Phloroj'lucite, ~~ 2 
Phosphine, 121 

Phosphoric acid, 189, 190. 205, 200 * 
Phthalazines, 167, I/O 
PhthaV.ins, 81, 


Phtiialic anhydride, 2,8, 82, 48, 380 

remaceuuloses, zoo I’hthalide, 28, 2I,\ 18,.,146, 380 

Pentahydric alcohols, 221, 225. 250, Picolines, 100, 102, 108, 128 
208, 200, 279 • Picoliipc acid. 107, 108, 128 

Pontamethylene oxide, 8, 10, 331 c, Pilocarpine, jll, 7'/, 132, 183 
Pentane, 123 ^Pinielie acid, 82 

Pentaoxyhexoic acids, 275, 277 Pinacone, 20 

Pentaoxypimelic acids, "100 Pinone, 321-323, 210, .IjO, 201-t/J, 385, 

. ontapoptides, 212 J 288,200, SOI *' 

Pentosancs, 212 , Pineno hydrochloridu, 208, 284, 282 

'"’PentosesJ 1 15, 219. 220, ....,.,.226 280, Pinie acid, 200, 271, 288 
* 232, 233, 222-220, 241, 248] 240-222, Pinitc. 282 

268, 275, 278, 280, 287, 292, 293, 20 j, Pinol, 21,0-271, 271, 288 < 


206 , 309, 310, 312 
Pqptosido 4 s, 201 , 202 4 

Pcnthiazolines, 17 7 

cPenthiophene, 81,17* * 

Pentoxazolinea, 177 J 

Pepsin, 250, H87 * 

Phellandrenes, 321-328, 240, 2,}0, 222 
'Phonanthr-juinolinos, 119 
Phenau^hiaquinone, 172 4 

Phonanthrene, 101, 118, 133, *37, 152, IS0l 

c 153, 155, 170 4 » ^iperonal, 126, 127, 3,172 * 

Plicnantkridine, 101, 116, 118 110, 125, ' Piperyleno, US 


Pinol glycol, 200, 270 
Pinonie acid, 200, 271, 27,1, 288 
Pipuculines, l/)0 

Piperazine, If, 167, *1/2 *177 * , 

Pipcric acid 121, 120, 127 
Piperidine,nB, 10, 22. 53, 99, 100, 102, % 
104, 121-122, 184, 139, 160, 

161 * 

Pipeline, 121, 120, IV, T 131-135, 


170 * 


Polypeptides, 189, 205-210, 227, 287 
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Polysaccharides, 218,220,221,^223,254, 
" 297, 298, 305, 309, 3W-313 
Polyterpenes, 317, 340 
Popitfin, 304 o 
1%-wm Hrf, 73 . a 

Praline,.^, 210 • o • 

Prot^-lpiperidine, 138, 139 
^rop^lJSj^iuA, 105,138 

Proteinsj 189, lj>0, 205, 207 , 210, 214, 
3J4 • I _ 

ProtAgitechuic fiicid, 91, 127, 152, 153 
Protoeatechuicpl dehy d o,«*l 27,147 
Ptyalin, 804. 3^7 
Puleerone, 4135, 845, 853, 305, 391 
Purmes, 10, 11, 74, 171, 189-305, 205, 
22fr 3S7, 314 

Purpuric acid, 197 *•« 

Putrt seine, 58 

Pyrazflie, 11,167, 172, 173, 211 
Pyrazole blue, 57 % 

Pyrazole carboxylic acids, 67, 08 
Pynmles, 7, 10, 13, 17, 54, 63, 04, Co, 
0/M *69, 80 
PyrajpdSine, 09 
PyrazolirVpne, 09 

P^razoline, 66, 00 . L ' 

IJyrazoli^je carboxylic Mid, 23 
Pyrazolone, ov, 67 * 

Pyridazines, 11 167, 170, V 1 
fvftdazine tetracarboxylic acid, 171 
Pyridine, 8, 10, 11, 13, 15-1’, 81, 82, 
98-109, 111, 116, 117a 121, 1L2, 126, 
128, 129, 131-134, 137, 152. 153, 160, 
164,166, 171, 1£4,*90, 276 
Pyridine betaines. 90, 40, 74, 103 ,149 
Pyridine carboxylic acids, 100, 105, 
107-109, 117 

Pyridine, naturally occurring- deriva¬ 
tives of, 120 130 

Pyridiyfe oxycaSsoxylic acids, 85, 109 
Pyridinium compounds, 103, 104 
a-Pyridoi.as, 8, 83f 102, 10-f, 105, 100, 
'4J4 „ 

y-Pyridones, 8, 86, 102, 104, 105, lo*>, 
114 

P^ridylpippridine, 129, 130 
Pyridylpyrrols, 130 

Pyrimiclines, 51, 15, 74, ell 67, 171, 190, 

314 * *'* 

Pyromwcic acid, 42, 45, 40r^9, 280 • 

Pyrone carboxylic^-ynds, 84 
a-Pyrones, 8, 10, o0, 47, 83-84, 166 
y-PyronO, 8,-10, 13, 14, 82, 84-87 , 95, 


146,166,187, 27i 
Pyroninqr 90, 97^r 
Pyrotartauic aciT, 355 
Pyroterebio acid, 26 

S&* 


• • 

Pyrotri tartaric acid, 40 
Pyrro-azoles, 63 
Pyrro-faaj) diazole, 63, 77 
Pyrro (abi) diazuldf 63, 77 
PyiTo-(ab) diazoie, 63, 77, 79 
Pyrro-(bb]) diazole, 63, 77 
rro-(a) - monazole, 62, 63 
Pyrrj|-(b)-monazole, 62, 63 
Pyrro-(aajb) triazole, 63, 79 
Pyrro-(abh|) triazole, 63, 79 
Pyrrol, 7, 10, 12, 13, .16, 42-44. 51, 52, 

53, 62, 09, 86, 99, 102, 111, 121,129, 
131, 133, 134, 137, 139, 162, 166, 210, 
280, 355 

Pyrrol carboxylic acids, 52, 209 
Pyrrolidine, 7, 10, 12, 22, 53, 69, 99, • 
123, 134 * 

Pyrroline, 53, 69 
Pyruvic acid, jO, 202 

Quinazolines, kT7. 171 3 

Quebraclute, ‘283 
Quercetin, 91, 92, 251, 304 
QiTercetrin, 91, 251, 304 
Quercite, 283 
Quinacridine, 118 
Quinaldic acid, .118 • 

Quinaldines, 110, 112, 113, 120 
Quinic acid, 158, 283 
Quinidino, 158, 103 • 

Quinine, 108,131-135, 130. 137J 43, 157- 
104, 283, 289 
Quininic acid, 102 

Quininone, 158, 103, 184 • • 

Quiuite, 283 

Quinoline, 9, 10, 11. 15, 16, 101. 107, 
109-W, 114, 115, 117, 120, 124, 126, 

• 131-133, 137, 157, 158, 160, 161, 171, 
190, 251, 252, 276, 277, 288, 290, 392, 
293, 319, 325 

Quinoline pbotaines, 112, 165 
Quinoline',Icarboxylic acids, 113, 114,* 
159, 163 * - • 

Quinoline red, l20 
Quinoline yellow, 120 
Quinolinic acid, 107, lOS, 114, 138 
;j-Quinone v 165, 248 
Quinotoxine, 103 ■- * 

Quinoxalmos, 11, 15, 16, 167, 173, 174, 

963 . ^ • * * 

Raefinose, 220, 309, 31(f* 
Kesorcinolphthalein, 33 
R^orufin, 167, ISO, 181 
RhamnSiosc, 220, 310 
Rhamnmotrionic acid, 310 

t amnitol, 251, 253 
amnoheptose, 220, 2fiG 


• • 
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Rhamnohexonic acid, 280 


Sulphoxylic acids, 169 


Rhamnohexoses, 219, 220, 2>j3, 264, 266 ! Sulphur dyostuffia, 13, 72 


Rhamnonic acid, 251, 253 
Rhamnose, 210, 251W8, 263, 280, 3<>> 
304,3/0 4 

Rhodaniines, 34 

Rhodinal, 365, 366 u 

Rliodinic acid, 365, 566 * 

Rhodinol, 365, 366 
Ribonic acid, 251-253, 277, 288. 205 
Ribose, 219, 256, 238, 251-253 , 269, 277, 
280, 288, 294, 205 
Ribotrioxyglutaric acids, 2SO 
Ruberythric acid, 304 

Saccharic 


Sylveatrone, 321, 350, 351, 553, 390 

Talonic aoid, 261, 277?293, 204 ' . 
Talost, 261*477X01, 208, 294 • 
Tanacetone, 344 -*** 

Tannic acid, 108 * 5^ 

Tartaric acid, 4ff, 125, 123, 130, £3< 
232, 241, 242, 249. 260, 283, 274, 28< 
296 ; £ * 

'artronie acid, 195, 4778 f 
’artronylum*, 195 
"taurine, 40 

orebenthene, 367 « 


lCCHARIC acid, 42, 225 , 238, 230, 242, } Terebic acid, 4, 31, 530, 331, 34>t,-3$69 
244, 255, 278,880, 281, 288, 201, 1 Terophthalic acid, 316 ,, 

iccharides, 218, 220 Terpeiu^Ye acid, 330, 331, 860 


Saccharides, 

Saccharolactone, 278, 288 
Saccharose, 308 
Safranines/167, 182-184 
Safranols, ISO, 184 . r. 

Sarrol, 322 
Safrosin, 34 
Salicin, 254, 303, 304 
* Saiicyl alcohol, 254, 303, 304 
Salieylaldekyde-o'-glucosido, 305 
Santonin, 37, 38 
Sodanolido, 37, 38,30 
Selenophete, 51 
Serine, 208, 246, 260 
Sesquiterpenes, 317, 367, 388 
Skatolo, 55, 137, 164 
#Sobrerol, 367, 360 


TerpenyVc 

^erpin? 332-334, 3p, 353, 861, 36“ 
erpindibroraides, 353, 33'/, 3$, 37 

Terpidenc, 321, 320, 346, 348, 340. 35, 
*>362, 371, 372, 391 

Terpineol, 322, 32X834, 336, *33?, 8 # 
348, 353, 362, 365, 371, 312, *390, 301 
Terpineol nitrosochlorides, 336 
T«rpin hydrate, 320, '332, 345, 361, 3$ 
37U372, 301 f. 

Terpinolene, 32ft,-334, 3,j6, 3/4, 353 
Tortiary menthol, 327, 328 
Tetrahydrocarveol, 325-328, 340, 353 
Tctrahydrocarvono, 326, 335, 353 
Tetral^drocarvjflaminofl, 826 " 

Tetrahydroisoquinolino, 124, 134 # 
Totrahydro-p-oxa*ne|, 177 / 

Tetraliydropyrarines, 172 


Sobrerythrite, 860, ,{70, 388 
Sodium camphor, 375 

Sorbinose, 210, 243 , 244 , 263, 290, 201 Tctrahf'dropyridines, 121 
Sorbitol, 225, 226, 244, *63, '270,* Tetrahydroquinaldino, 124 

271, 281 ,*201 IfTetrahydroquinoline, 121 , 124 , 725 

Sparteine, 132 _ Tetrahydroquinoxalinos, T74 



.Starch -ci^lulose. 
, Stearic acid, 185 


Stilbazolium hydroxide, 174, 1 
Ktrychnic acid, 164 

T v _ -1 AO 1 Cl 


'l'etramethylethyleno oxide, 4 . 14 , 2 ( 1 , 
'retramethyluric %cids, 108,100 
Tetruoxy adipic acids, 235, S70, 281 


Strychnine, 108, 131-133, 136, 138. 16 4 , Totrftoxyvaleric acids, 250, 275-277 


365, 216* 289, 293 
Stryclminonic acid, 165 
•Btrychndhic acid, 13$, # 

Suberone, 147 
Succinic anhfUrido, 47 
^Succinic imide, 52-54 
SuccinosucoMiic ostcr, 283 


Totrapeptides, 212 
Totraplicuy lf\|rfurano," 45 
Tctrasaccharides, 2l8 * JtJ ' 



Tetronic acid, 47 


)7UUV1UVDIIV< U»v wow*, ~ 7‘ ^ J • 

Sugars, 4)0, 45, 189, 205, 217-®3, 314, , Tetroses, 219, 230, 232, 235, ^7, W 

* 246 ,^^, 240 , mym, m m, m 

287 ,295 >* 


*■ Sulphinic acids, aromatic, 169 
Sulphos^dfa, aipmatic, 35, 16C 


Thebaine, 132-134, 136, 137, 752 
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Theine, 204 

Theobromine, 2<>1, 2o.p 
Theophylline, 20 // 

Thot'iios, 6, 11 25, 81, -<4, ,M 
VbKnthhmes, 8, U, J' h 1C‘J, 167, 168, 

160 t • v 

«-TL ; nzincs, 8, 11, 167, 170 


w - 1 -j 

Th^obiazolirfts, 1 
Thwqyanic aci#, 187 
Thiopyanuric acid, fS7 - 
Thiodiazales, 4 , 10 , 63, 75, 70, 77 
Thiodinanfcthylainino, I/O 
Thi^iphenylamino, 9, 14, 167, // 8, 

Thioditolylamines, 170 ■* m . 

Thioflavki, 72 

Thioiiidigo, 51, 60, HI 

Thioindirubin, 60 

1'hionaphthene, 51 

Thiencssal, 50 

Thioiror • ISO-lfo* 

Thionola, ISO, /.S7, /.V# 

'hio ph e $al dch y d 0 , 44, 51 


Trihalotriazines, 185 
Trihydroxymonth&nes, 329 
Triketopiperidine, 107 * 

Trimethyfamine. H 8 * 

Trimethylcarbanylic acid, 3/7 
Trimethyldioxy purine, 21 >4 
Trimothylglycerose, 248 
Triryotbyleno, 24 

Trimethylone carboxylic acids, 23, 343 
Trimethyleno imidc, 6 , 21, 139 
Trimethylene oxide, 6 
Trimethylsuccinic acfd, 376, 377 * 
Trimethyl uric acid, 201 
! Trimothyl-^'-uric acid, 201 
Trioses, 219, 229, 230, 232, 235, 247, 
' 24 S, 249, 266, 267, 271, 272, 205, 206 < 
Trioxybutyric acids, 226, 262, 263, '273 
Trioxyglutaric acids, *233, 250-253, 270, 
280, 283 

Trioxyhexahydro-w-cymcncs, 32§, 331, 
337, 338, 341 * 

Triox^pifithylonc, 160, 286 
Trioxypurines, 190, ‘201, 204 
Trioxypyridines, 107 
Trioxytriazines, 186, 187 
Trioxyvalerolactonos, 276, 2/7 


Thiophene, 7, 10, 12, 42-44, 50, 62, 31, I Tripeptides, 207, 212, 215 , 
» 86 , 97- 98, 156, 177^80 ! Triphendioxazinos, 180,184 


thiophene ca&oxylid^cids, 40 
Thiophthene, 51 
*n!lopy rones, 06, 07, 166 
Thiopyronine, 07 
Thiutolene, 44 ' 

Thiourea, 101 
^-Thiourea, 102 4 , • 

Thioxanthenes, 81, 07 
Thioxanthenol, 07 
Thioxanthones, 8 , 10, 06, 97 
Threonic acids. 274 4 

Threose, 219, 2/, l, 242, 248 , 2p, 267, 
273.274, 277 r ,205 
Thujene, 388 

Thujono, 323, 38*, 344, 385, 387, 3SS, 
>*&<) . 

Thujyl alcohol, 323, *88 
Thymol, 316, 323, 324-326, 345, 390 
t’olano sulphide, 6 , 22 
Toluene* 44 

Toluyleno vm 
Triamfnotnamfc?, 187 
a-Tr*a!!ies. 9, 11, 167, W 187 • 

/3-Triazines, 9, 1L> 3.67, 184, 187 
Triazoles, 7, 10,13, 17, 63, 77-80, 188 
Triozolfce, 79 
Tricliloropurine, 2UJ 
Trichlojy€rias!infl(r7&5 • 

Tricyanogen emoride, ISO, 187 ■ 

Trigonelline, ffi, 126, 133 


; Triphenylcyanidine, 186 
\ Triphonylmotliane, 32 I 
I Triphenylmethano dyes, 183 
I Triplienylphosphorbotaine, 36* 
Triphenyltriazine, 186 
Tripyrrol, 52 •, 

Trisaocharides, 218-220, 222, 297, 305, 
300, 310 

Tritliio^ornialdoliyde, 160 
f Tropacocaine, 1//M, 145 
Tropeides, 139, 140 
Tropeincs, 139, 140, 143, 144 
Tropic turd, 137, 140 ; W, 144 
Tropidint, 137, 14!, 142, 145 
Trojune, W6, ^37, *139, 14Q, 141-143. 

$ Tropine, UO, J42, V/3,145 
Tropine carboxylic acid, 139, 140, 144, 
145 >, ■+ 

Tropinic acid, 141 
Tropinone, 141-143, 144, 145 
Trtpylidtmd"*.^- * # 

Tryptophltae, 207, 200, 2JO, 211 
Tyrosine, W7-2O0 9 

UmBELLI KKRONF., 84 

Uracil *195 * 

Uramil, 105, 197, 1 
.Urazines, 188 
(Jrazoles, 70 
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Urea, 188, 190, I'M, l!h>, 193-195, 197, 
198, 200-202, 314 
^-Urea, 102 
(Jreides, 102, 10} % t 

Ureidos, cyclic, 7, 9, 11, 171, 104-10U, 
197 

Urethanes, 103 * 

Uric acid, 74. 132, 171, 186, 189*192, 
194, 195, 100-100, 201-203, 2i>4, 314 
^-Uric acid, 107-100 

* 1 

■y-VA LEROLACTONE, 20 

3-Valerolactonc, SJ 

Vaimillin methyl ether. 1/0, 147, 151 

Veratrol, 151 

Vostrylamine, Oof), 351 

Vicin, 201 * 

Vinylamino, 21 


Vinyl group, 158-160 
Viofuric acid, 10m, 198 

Xanthknes, 81, 00 , 

Xanthenol, SO „ 

Xanthine, 1*0, 2*1, 203, 204 
Xanthochelidonic acid, 84, 85 . 

Xanthones, 10, 86, 80, Oft 
Xanthorhamnin, HO $ 

Xylitols, 250, 25,1, 200,280 
Xylonic acid, 250, '25m 2%7, 293, 

295 "* * ~ 

Xylose, 210, 220, 238, 21/7, 248, 25&, 251 
253, 269, 277, 278, 280* 293,^, 205 
312 • 

Xylotrioxyglutaric acid, 280 1 


Zymase., t-%, 264, 265, 283, 2&5, 301 
303, fol/, 307, 311 




AND AUTHOR INDEX 

(fames of authors an; in italics ) 


Abfth'halden, 207 * 

A brt/g’s ttieort of valency, 1 
AV\|i»tlio*34‘i 
Absorption spectra, 320 


i Bases, 117 

J Basic properties of heterocyclic ring- 
i systems, 12, 10, 52, f5, 71-73, 7s, 86- 
| 88, 08, 105, 117, 122, 121, 120, 12S-« 


Acidic-properties of hotjwydic ring- | 120, 152, 155-150, 458, 104, 171-175, 

systems, 12, 41, 52, 07. of! #72, 7«i, I 193, 190, 201 
1739'; 80, 88, 105, 152, 194,190, 197, Bav. 322, 358. 303 

^ Anf & iAI I _ . * _ _ ' 


199, 201 
•Acorns, 284 

Adonis vernalis, 251, 209 
A/F.'hini, 296 ^ 

AlbubUsfi, 54 * 

Aldol condensation, 286, 287 


Bean, Tonka, 83 * 

Beans, 283 i 

, Ht'i'krminn, 39, 77, 1M # 

•Beckmann rearrangement, 39, 77, Hi 
Beeches, 312 

Heeelnvood uuni, 250, 312 


Alkaloids, 40, 74, 98, 108, 109, 126-165, ! Beetroots, 36, 39’, 20l’ 204, 217, 30\ 31? 


. 314 
Mlrnondjs, bitter, 30^ 
Amesthetics, 140, 1 4o 
^yulerson, 102 
A ndreoed, 37 
Anjse, 323, 346 


! lleh,'end, 198 
I Belladonna, 138, 140 
i Bengal, 93 
Berberis, 133 
Bergamot, 322, 361 
Ilenilhscn, 183 


Annealation, anguku°and linear, 2, 9, i Ilerthelot, 224, 225 
10,*101, 133, 139, 179, 190 Betel-nuts, 40, 389 

Anoftialy, optkft.1, %42, 344, 345, 349, II,nan, 310 
376 Birds, 193 

Antipyrine, 67 J BhmcfBlB, 380 

Apples, 254, 312 m Bone oil, 52, 10§, 109 

Arbutus, 304 • liouchardal, 135 

Armstrong, 96. 99, 299, 307 / loiurau/l , 357, 358 

Artificial camphor, 3b8 Bran, 4.4 

Aschan, 384 „ Brazilw<l>d, 93 

Atropa, 138 * lh«H, 26*377#381» c « 

' ,i1 ‘ • I Bridged ring-systems, 139, 161,367*384 

BaCteb^ 278 * , JJi'u/d, ISO 

.Bacteria diphthori;c,<J65 Itulleroi<■, 286 * 

„ •pnoumoniic crouposm, 265 j i 

Bacterium roscus, 248 I Cade, 389 % * 

„ ••tittmLococcift, 265 j Cajeput, 322, 334, 367 

tumescens, 265 ! Otunphoc-ffllte, 346, 373 

xylinnm, 248V’*202, 263 * Cannlzzakp, 37, -14 _ 

Ilaei/er , 11, 22, JO,* 42, 46, 56, 57, 58, 99, Cardamom, 346, 382 
110, 197, 199; 225, 226, 283, 318, 320, Caro, 30, 183 
' 333 Catalytic change, 284, 285 

Balm, 35fc 364 m Ctuei&ou, 131, 158, 164 

BamhtJ&r, 99-100 Cedar, 92, 3S9 

Barberry, 13a; 155, 157 * Celandine, 84 

Barlrier, 357, 358 Celerj, ofl of, 37 i 


Cedar, 92, 389 
, Celandine, 84 
Celerj, ofl of, 37 
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Celluloid, 311 

■ 1 Centric ” formula for benzene, 99 
Cereals, 312 

Chamomile, 315, 3449382 

Cheeso, 2(55 

Cherry gum, 250, 312 

Cherry-trees, 312 * 

Chestnuts, 92 , 

Chicory, 2(52, 313 

Chromogens and chromophores, 95, 179 
Ciamician, 248 

Cinchona-bark, 131, 133, 157, 158, 283 
Cinnamon, 322, 373 
Citron, 346, 360 
Citronella, 382 
(Citrus, 314 

Ctaisen, 143, 209-283, 3.'»7 
Clover, 40, 201 
Cloves. 389 
Coal, 1)2 

Coal-tar, 42? 50, 52, 55? 102, 101, 116 
Cocoa, 138, 145, 204 • • 

Coffee, 200, 204 
Collie, 82, 85, 86 
Collodion, 311 

Volour, theories of, 33, 94-96 
Composite, ^62, 312, 314, 315, 323 
Conductivity, electrical, 117 
Conifer®, 208, 314, 321, 345 
Conium, 13f 

Conjugated unsaturation, 50, 179, 184, 
194, 26f, 338, 339, 340, 342, 344, 345, 
349, 354, 376 
. Coriander, 361, 367 
Cotton, 172 
Cotton-seod Hour, 309 
Crabs, 259 

Crafts, 50, 87 t> 

Cross, 310 
Crum Brown, 34 
Crus taco®, 259 
CuJebs, 321, 346, 389 
Cumin, 33® *< 

Cutfins, 23, 207 * 

Cyperace®, 345 
CyprosB, 36/ 


Dobtier, 111 
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Hyacii/u], 261 

Hydrogpls and hydrosols, 311 

^Indians, 158, M 
Indian :yelloa% 93 fr 
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Penicillium glaucum, 27P 
Pennyroyals 345 « 

Peppo*, 122,120*131, 133, 346 
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*s Wravp, 111, 110, 120 
^Swill's, 85, 96| f 

Snakes, 108 * 

»S«4anaeea), 138, 262, 312 
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7 ~rl-/e, 86 
7’ifiiMui #, 318. 858 
Tobacco, 129,' 131, 138 
Tulle,,s, 306, 307, 310 
Traube, II*.. 109, 202* * 

Triatomie compounds of carbon and 
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Woad, 45, 02 
Wood, 15 

Wood fibre, 217. ($2, 313 
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